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 In this report, we describe the process in which we attempted to construct a device and 
analysis in order to gauge the distance from some particular point. We tried to use Gaussian 
Optics in order to determine the distance, due to the fact that simple equations can relate the 
distance to the spot size, using only a few known constants. This is due to the fact that laser are 
not perfectly columnated, and instead diverge slightly, according to the distance traveled. 
However, this divergence is too small to measure accurately, and our image capturing devices 
were not ideal. Thus we proved that, using only a smart phone and initially small laser, the 
distance cannot be found.  !

!!
I. INTRODUCTION AND HISTORY OF 

THE PROBLEM 
  
 Laser range finders are found in used 
in many applications, including industrial 
manufacturing, construction, mapping, 3D 
printing, and various military applications. 
The process began shortly after the invention 
of the LASER in 1960 by Theodore H. 
Maiman at Hughes Laboratories, based on 
theoretical work by Charles Hard Townes and 
Arthur Leonard Schawlow. They discovered 
the properties of Gaussian Beams, and the 
general principles behind a laser. Modern 
laser range finders have, historically, been 
very expensive. The cheapest ones available 
cost multiple hundreds of dollars. Given this 
obvious need for a cheap, but effective laser 
range finder, we attempted to solve the 
problem ourselves, using basic equations and 
knowledge of Gaussian Beams. !
II. BASIC PHYSICS 
  

 The physics of a Gaussian Beam are 
highly predicable. They are strongest at the 
center, and weakest at the edges, as shown 
below in FIG. 1 and FIG. 2. This is the source 
of the name “Gaussian” beam. This 
distribution of Intensity follows a Gaussian 
distribution. 

FIG. 1 Here we see a typical Gaussian beam. 
A green laser with its intensity highest at the 
center, and slowly dying off towards the 
edges. It dies off more quickly at the center 
than at the edges, following a standard 
Gaussian distribution. 



FIG. 2 Here we see the Gaussian distribution 
of the beam, where intensity is at its highest 
at the center of the beam. !
 Gaussian beams also diverge with a 
common pattern. They follow the following 
equation, with variables as described in FIG. 
3 below.  

FIG. 3 Here we see the description of a 
Gaussian beam, with initial beam waist wo 
being the initial beam waist, and w(z) 
describing the beam waist at some distance z 
away. !
 Using the variables described in FIG. 
3 above, we find the following equation, 
found by analyzing the divergence of the 
beam, to relate the beam waist at some 
distance z away, w(z), to the distance z, the 
wavelength of the laser, the initial beam 
waist, wo, and the geometric constant, pi.  

 With zR described as follows: 

 Combining these two equations, 
and simplifying, we solve for the 
distance z. 

 Luckily, due to the physics behind 
LASERs, the wave length is a constant. This 
is due to the fact that lasers are produced 
using stimulated emission.  



FIG. 4 Here we see the basic components of a 
laser. 1. Represents the gain medium, 2. 
represents the fully input power, 3. represents 
the fully reflective surface, 4. represents the 
partially reflective surface, and 5. represents 
the output beam. !
 As an atom in an excited state is hit 
with a photon of some particular energy level, 
the electrons drop from the excited state to a 
lower energy level, producing a photon of 
equal wavelength and of the same phase. A 
laser beam is constructed by setting some 
fully reflective mirror perpendicular to some 
partially reflective medium, and filling the 
cavity with some gain medium, as seen in 
FIG. 4 above. This gain medium is then 
excited, normally with electricity, to set the 
atoms in some higher energy level. As one 
photon stimulates emission from a single 
atom, the number of photons doubles. These 
two hit another two atoms, producing 4 
photons, and on and on until some 
equilibrium is reached between the input 
power, electricity, and the partial reflectivity 
of the second mirror. 
 This implies that our equation, solving 
for the distance z, is a function of only 
constants, and w(z). Since w(z) is a physical, 
measurable, distance, one can easily know the 
distance if one knows the initial beam waist, 

wo, lambda, pi, and w(z), only one of which is 
not a constant determined by the construction 
of the laser, i.e. the gain medium, input 
power, and radius of the partially reflective 
mirror through which the output beam travels. !
III.D E S C R I P T I O N O F T H E 

EXPERIMENT !
 We began the experiment by deciding 
the basics of how we would do it. We wanted 
to measure the spot size of the beam at some 
distance, which meant we needed a target. 
This target has a fixed width and height (or 
radius), which allows for a pixel to real 
distance conversion. Then, the red (and 
washed out) pixels could be counted to find 
the area. This area is then estimated as the 
circle it should be, and the radius is then 
found. This radius, in pixels, is then 
converted into a radius in meters, using the 
conversion ratio between pixel size of the 
target and real distance of the target, in 
meters.  
 We did image analysis using RGB 
image formats. This type of format maps 3 
values to each pixels, a red values (R), a 
green value (G), and a blue value (B), ranging 
from 0 to 255. Using these three values, any 
color in the visible range is able to be 
produced. Other image formats exist that use 
different colors as well. Another common 
image format is CMYK, or cyan, magenta, 
yellow, and black. These 4 combine to 
produce any color, but cannot create colors of 
the same brightness of the RGB format.  
    Due to the particular features of RGB 
images, that it includes a pure red color, and 
can handle very bright colors, it is ideal for 
this type of analysis. In determining whether 
or not a particular pixel was red, we needed to 
compare the red value to the other two values. 
When the red value (R) is much greater than 



the blue (B) and green (G) values, the pixel is 
determined to be red. The same strategy was 
used to determine whether or not a pixel is 
green. 
     A washout occurs when the pixel is so 
bright that it cannot be properly mapped by 
RGB colors, and defaults to the "brightest" 
color available: white. The color white is 
produced as one would expect, given that red, 
green, and blue are the three primary colors of 
light. White is determined by very high 
values of R, G, and B, with each value being 
above 240. These washouts often occurred at 
the center of our laser beam. Given the 
Gaussian distribution of the beam, where the 
center of the beam is the brightest portion of 
the spot, this is as predicted. 
 Once the image format was decided, it 
was time to decide on the the actual material 
used in the construction of the target. 

!
FIG. 5 Here is the beam shown from a 
distance of around 25 centimeters, shown 
onto a tan carpet surface, in lowlight.  

!
FIG. 6 Here is the beam shown from a 
distance of around 25 centimeters, shown 
onto a tan carpet surface, with high ambient 
light.  !
     In the two figures above, we see the 
effects of ambient light on the laser's spot 
size. In FIG. 5, the carpet creates a much 
wider spot size than when shown onto a flat 
surface. The difference is probably due to 
scattering effects in the thin threads of the 
carpet. This scattering radiates light outwards 
and to the sides, as well as reflecting back. 
Due to this, the spot size is drastically larger 
than when shown onto flat, untextured, paper 
or or a black, unreflective surface.  
     We also see a large difference in the 
effects of ambient light on the spot size. As 
before, the spot size is significantly larger in a 
dim environment, this time by a factor greater 
than 2. The effects of ambient light on the 
spot size is probably greater here, due to the 
same scattering effects as before. In real life, 
this amounts to a difference of around 1 
centimeter difference in the diameter of the 
spot. 
     This scattering effect on carpet made it the 
worst candidate for the surface of the target. It 
made the spot size wildly unpredictable at 
various amounts of ambient light, and 
significantly larger than we know it to be, 
even in the highest of ambient light.  



!
FIG. 7 Here we see the laser as shown onto a 
tan wall in low lighting, from a distance of 
around 15 centimeters. 

!
FIG. 8 Here we see the laser as shown onto a 
tan wall in high ambient light, from a distance 
of around 15 centimeters. !
     In the two figures above, we see a large 
difference in spot size. In the low light, the 
pixel washout is huge, and we see lots of 
glare from the strong reflection in the camera 
lens. We also see the background color of the 
wall, and a non-circular spot. It is almost lens, 
shaped in the washout and surrounding areas, 
with two beams of glare reflecting 180 
degrees from each other.  
    In the second picture, we see very little 
pixel washout, and no glare. The laser's radius 
is around half that of in lowlight, and the tan 
of the wall is made into a light grey. 
Compared to the carpet, we see very little 
scattering, as was expected, due to the low-
textured surface.  
    This produces a better potential surface for 
the target than carpet, but produces too much 
glare in the close range, and is still too 
sensitive to ambient light to produce a quality 
image. We also have the issue of browns, 
from the tan wall, being difficult colors to 
analyze. Brown colors tend to have two RGB 

values of very similar values, and thus more 
cases are needed to check for whether or not 
the beam is in this area. 

FIG. 9 Here we see the laser shown onto a 
piece of black cloth, in low lighting, taken 
from a distance of around 15 centimeters 

!
FIG. 10 Here we see the laser shown onto a 
piece of black cloth, in high ambient lighting, 
taken from a distance of around 15 
centimeters. !
     In the two figures above, we see a large 
difference in spot size, but less than that on 
the tan wall or on carpet. The black cloth is 
less reflective than the tan carpet and tan wall, 
and therefor we see a smaller beam size. It 
acts similarly to being in low lighting, and 
produces less washout.  
    In low-light, we do see a significant 
amount of glare, but than that was seen on the 
wall, and, despite also being made of cloth, 



we see very little scattering. This is probably 
due to the fact that the weave of the fabric is 
perpendicular to the incident beam, while 
when the beam was shown onto carpet, the 
fabric is parallel to the incident light. We do 
also see some significant washout, and a non-
circular beam, but the gaussian properties of 
the beam are clearly apparent.  
    In the high ambient light, we see the best 
beam that we've observed so far. It is tight 
and small, with very little scattering, and 
almost no washout. It is not circular, and 
doesn't show the gaussian properties of the 
beam very well, but is still very fine example 
of accurate spot size detection.  
    Despite the high ambient light producing a 
very nice beam waist, we have an unevenly 
colored surface. This produces single pixels 
across the image which are washed, out, and 
will give obviously false readings. In the far-
field, due to the fact that black surfaces 
absorb colors of all wavelengths, the image is 
almost invisible. Therefor, the black surface is 
out of the question as a possible surface for 
our target. 

!
FIG. 11 Here we see the gaussian beam 
projected onto a blank, white piece of paper, 
in low light, with the picture taken from a 
distance of around 20 centimeters !

FIG. 12 Here we see the laser beam shown 
onto a blank, white piece of paper, in high 
ambient lighting, with the picture taken from 
a distance of around 20 centimeters. !
    In the two figures above, we see our final 
choice for the surface of our target. This 
plain, white paper is untextured, so produces 
very little scattering, and is highly reflective, 
implying very little absorption. This allows us 
to use the target at a larger distance from the 
laser. 
    In the low light, we see a large glare, and 
significant washout. There is less scattering 
than on off the carpet or black fabric, and less 
glare from the reflection than the wall, but 
more than from the carpet or the black fabric. 
This implies that the program will be poorly 
suited to distances in which the reflection of 
the laser is strong enough to produce glare on 
the camera's lens. We do see a considerable 
amount of washout, but none on the surface 
of the paper. 
    In high ambient lighting, we see a tight 
beam waist, and near circular shape, little 
glare, and very little scattering. There is also a 
surprising amount of washout, probably due 
to the highly reflective nature of the white 
surface. However, in high ambient lighting, 
there is still no washout on the surface.  
    Due to these properties, we chose plain 
white paper to the surface of our target. We 
needed something which would absorb very 
little of the laser's red beam, would produce 
very little, if any washed out pixels on the 



surface, and would scatter as little as possible. 
Plain, white paper satisfied all of these 
requirements, and was thus chosen to be the 
surface of our target. 
 Once the target material was chosen, it 
was determined that it was time to determine 
the shape of the target, and begin the image 
analysis.  
 When a picture was taken, image 
analysis began by searching for the target. We 
began with a circular target, but circle 
detection proved to be very difficult in both 
python and MatLab, as well as wildly 
unpredictable. Instead we decided to use a 
square target. In order to make target 
detection easier, we outlined the square target 
with a square of another color. We chose to 
use green, as large swaths of green seem 
difficult to find in an indoor environment. 
Outside, through testing, red appeared more 
often than green, except for in the presence of 
plants. Tree leaves and grass did produce 
large amounts of green, but was interlaced 
with washed out, white pixels, as well as 
heavily shaded, black pixels. Therefor there 
were very few straight lines, even outside, 
where green was present in large amounts, 
next to each other.  
    So we began with the target as seen in FIG. 
11, and did image analysis to find every green 
pixel, as explained earlier, where the RGB 
color system was described. To aid in our 
analysis, we then turned every pixel which 
registered as green into pure a pure blue pixel 
(RGB value 0, 0, 255), which is very rarely, if 
ever, found in nature. This will be shown in 
the Measurement and Discussion section 
below (see FIG. 12). 
     We then searched for the largest straight 
line of green pixels in the picture, and moved 
in increments of 90 degrees to find other, 
close-by areas of green. After finding a 
straight, green line, perpendicular to the 

longest straight green line, we searched for 
another perpendicular, straight, green line. 
This allowed us to find a green square - the 
outline of our target. At large distances, this 
method failed to work, as ambient line often 
made the green square look brown, however, 
it seemed the best way to search for the 
target, regardless.  
    We then scanned through the interior of the 
square searching for red, or washed out 
pixels. These indicated that the laser was 
present in these spots. Each pixel was then 
added to a dummy variable, giving us a total 
area of the laser beam's reflection. Because 
the length of the green portion of the square 
target is known, and we searched for the 
longest, straight line of green pixels, we could 
produce a pixel to real distance ratio.  
     We then used the total area of the laser 
beam's reflection, modeled as a circle, to 
solve for the radius of the laser's spot. This 
radius was then multiplied by the found pixel 
to real distance ratio to produce the real 
distance of the laser beam's radius, at the 
target, in meters.  
  
IV. MEASUREMENT AND DISCUSSION !
 We began the measurement to find the 
necessary wo value, or the initial waist 
(radius) of the beam. To do so, we tested the 
laser at various distances, in increments of 
21.27 centimeters. We began with 44.54 
centimeters and ended 2.340 meters away.  



FIG. 12 Here we see the measurement 44.54 
centimeters away. The green pixels have been 
turned bright blue and the spot size has bene 
magnified, and pixels registered as red have 
been turned black for aid in viewing. !
 In FIG. 12 above, we see very good 
green pixel detection, and notice that only the 
washed out and red pixels within the square 
target have been registered. This supports the 
coding, and that our measured radius is 
probably accurate. We see a slight outline of 
pink around the magnified spot, done on 
purpose in order to make up for the small 
amount of scattering on the thin piece of 
paper. We note that the spot size is mostly 
circular, as predicted, but are left to wonder 
what would modify the shape of the laser 
beam’s reflection from the target.  

FIG. 13 Here we see the image captured at 3 
increments of 21.27 centimeters away. The 
spot size is magnified, pixels registered as red 
had been turned black, and the pixels 
registered as green has been turned bright 
blue, to aid in qualitative analysis. !
 In FIG. 13 above, we note another 
largely circular spot size, an accurate 
measurement of which pixels are green, and 
another small pink ring around the detected 
spot size. We therefor see stronger support for 
the idea that our code is running as desired.  

FIG. 14 Here we see the image captured at 4 
increments of 21.27 centimeters away. The 
spot size is magnified, with pixels registered 
as red being turned black, and pixels 
registered as green turned bright blue, to aid 
in qualitative analysis. !
 In FIG. 14 above, we see another 
largely circular spot, with a slight pink 
outline, and a well detected target. This 
provides stronger support for our code 
working as predicted. 

!
FIG. 15 Here we see the image captured at 5 
increments of 21.27 centimeters away. 
Following the same schema and color 
modification as in the similar figures above. !
 In FIG. 15 above, the first thing we 
notice is that this was taken while zoomed in. 
However, due to the fact that pixel to width 
ratio is what we’re solving for, it should make 
little difference. We see the most circular spot 
size yet, and continue to see strong target 



detection. All of this combines to create 
strong support for the validity of our code. 

FIG. 16 Here is the image taken at 6 
increments of 21.27 centimeters away, 
following the same schema and color 
modifications as in the above, similar,  
figures. !
 In FIG. 16 above, we see another, this 
time larger, found beam, which is largely 
circular. This image is also, clearly, zoomed 
in, but again this should make no difference 
in the measured values. However, we now 
begin to see the failings of the green 
detection. Possibly the green outline of the 
target is reflecting off the surface of the 
magazines, thereby producing pixels which 
register as green. Despite this, the algorithm 
works by finding the the shortest of those 
straight, green, lines, and analyzing the data 
within the target. Therefor, this reflection 
should make very little difference.  

FIG. 17 Here is the image taken at 7 
increments of 21.27 centimeters away, 
following the same schema and color 
modifications and in the above, similar, 
figures. !
 In FIG. 17 above, we see the same 
sort of reflection bouncing off the magazine 
cover, from the green outline of the target. 
Again, this figure is zoomed in, which should 
make no difference, and the reflections of the 
magazine, as before, should make no 
difference, due to the inner workings of the 
code. However, we do find a very non-
circular spot size. Due to the previous pattern, 
where spot size became more regular, and 
more circular as the distance from the target 
was increased, this is a strange data point. It 
will, none the less, be modeled as a circle in 
the code, which could create some 
discrepancies. The possible reasons for a non-
circular spot size will be discussed below, in 
the section entitled Summary and Conclusion. 

!
FIG. 18 Here we see the image captured at 8 
increments of 21.27 centimeters away, 
following the same schema and color 
modifications as in the above, similar figures.  !
 In FIG. 18 above, we see a continuing 
reflection, and zoom, which should have no 
effect on the pixel ratio or area scanned due 
to the inner-workings of the algorithm. We 



see an almost elliptical spot size in this image,  
but much more regular than in FIG. 17. 
Interestingly, we also see a larger, more 
prominent, pink ring around the detected spot,  
which could indicate a failing in the 
algorithm. However, the image is also slightly 
darker than the previous images. As we 
showed earlier on, in low-light conditions, the 
spot size appears larger, so the fact that this 
pink ring is larger, arguably, makes up for this 
effect. This as was desired, but since we’ve 
only observed one image in slightly darker 
lighting, a pattern has yet to be established. 

FIG. 19 Here we see the image taken at 9 
increments of 21.27 centimeters away, with 
the same schema and color modifications 
described above. !
 In FIG. 19 above, we note another 
irregular spot size, this time circular for most 
of the spot, with only one small irregularity 
on the left of the spot. A zoom, which in this 
case, due to the larger distance, may aid in 
target detection by reducing the possible mis-
reads, is also present, but should, as explained 
before, have no effect on the measured initial 
waist of the beam. And the reflection from the 
magazine is also present, but again, should 
have no effect on the measured radius of the 
spot.  !!

FIG. 20 Here we see the image taken at 10 
increments of 21.27 centimeters away, with 
the same schema and color modifications as 
before, where pixels registered as being part 
of the spot have been turned black, and pixels 
registered as green has been turned bright 
blue. !
 In FIG. 20 above, we see another 
largely irregular spot size, this time almost 
square shaped, with very little irregularity. 
This being the fourth irregular spot at an 
increased distance, implies a pattern wherein, 
after a certain distance, the spot size begins to 
lose its circular pattern. We also see the first 
real verification that the code is working 
properly. We see multiple areas registered as 
green (turned bright blue), but only 
modifications to pixels within the target, 
despite washed out particles existing outside 
the target, between the areas registered as 
green. This would imply that only the area 
inside the target has been scanned, as was 
designed. This presents the strongest evidence 
so far of the trustworthiness of the algorithm. 



FIG. 21 Here we see the final image, taken at  
11 increments of 21.27 centimeters away, or 
2.340 meters away, with the same schema and 
color modifications as described above.  !
 In FIG. 21, we see another irregular 
spot size, and continued, strong support of the 
trustworthiness of our code. Again, only 
washed out and red pixels within the target 
have turned black, and were therefor counting 
as being part of the beam. This image is also 
brighter than previous pictures, and has a 
smaller, lighter, pink radius around the 
portion of the laser registered as being part of 
the beam. This is the second bit of evidence 
showing that the beam detection works as 
desired, trying to make up for the differences 
found in spot size with varying ambient light 
conditions. The irregular spot size also 
supports the pattern spoken of before, 
wherein the spot size begins to de-circularize 
after some distance, z, away from the target.  

FIG. 22 Here we see the data found for wo, 
the initial beam size of the laser, using data 
obtained from FIG. 12 thru FIG. 21.  !
 In FIG. 22 above, we see a slow and 
steady increase in the solved for wo value. As 
this represents an initial value, constant with 

respect to the construction of the laser. The 
slow and steady increase in found the wo 
value makes little to no sense, physically 
speaking. We must assume that is is an error, 
as this is physically impossible.  
 We also see a serious outlier, 
corresponding to the data obtained from FIG. 
16, above. Oddly, this was one of our better 
looking images. The spot size was largely 
circular, the colorization seemed reliable, and 
the ambient lighting was average.  
 However, in solving for wo, we used a 
quadratic equation. This possibly accounts for 
the strong outlier at the 5th data point. It 
seems possible that the wrong solution to the 
quadratic equation was used. However, upon 
closer inspection, the quadratic equation only 
has the one solution, when solved for in 
Python and in Wolfram Alpha. For these 
reasons, it will be discounted.  !
V. SUMMARY AND CONCLUSION  
  
 Many patterns were clear within the 
analysis of measurement process. We saw that 
spot size began very irregular, became mostly 
circular, but after a short distance, returned to 
being de-circularized. This distance began 
around one and a half meters from the target.  
 We also saw strong support for the 
algorithm used. Only areas inside the target 
were registered as being part of the spot, and 
the target was well acquired. Green detection 
and red / washout detection worked as 
desired, despite green areas reflecting off the 
magazine’s glossy surface, and washouts 
being present outside the target.  
 Disappointingly, when wo was solved 
for, in our search for a constant, we found that 
wo increased with distance. This, being an 
initial value, should be constant. Thus, this wo 
value is not to be trusted.  !



FIG. 23 Here we see an attempted straight 
line fit to model the change in wo with 
distance. !
 In FIG. 23 above, we attempted to fix 
the issue by fitting the found wo value to a 
simple, linear curve. Plugging this back into 
the equations, we ran into serious issues. All 
points for which the fit line, representing wo, 
was higher than where it should have been, 
produced imaginary numbers. Those numbers 
which turned out real were dozens of meters 
off. Given that our distances were never 
longer than 3 meters, two things become 
clear.  
 First, our fit line, used to make up for 
the change in wo, does not produce accurate 
results. It is thus to be ignored. And secondly, 
we see an incredible dependence on wo, 
necessary to find an accurate distance value.  
 This discrepancy has many possible 
causes. We see a small, curved, glass cover at 
the end of the laser. This could provide extra 
divergence to the laser, resulting in a larger 
than expected spot size. Though analysis of 
the spot size, and how much of the spot was 
registered as being part of the laser beam’s 
reflection off the target, it seems that 
assuming problems with the algorithm is 
probably incorrect. 

 Also, given that spot size changed in a 
regular fashion with distance, the assumption 
that the algorithm was incorrect makes little 
sense. However, if given a higher pixel 
resolution, a more accurate measurement 
might be possible. At far distances, only a few 
hundred pixels make up the spot. If this could 
be increased to a few thousand, by using a 
more powerful laser, a more accurate 
measurement might be possible.  
 Given that this method failed to work 
in the close range, we began simple 
observations in the far range, to see if the 
experiment should be repeated within the far-
field. In this area, however, target detection 
became more difficult, and occasional false 
positives were present. We also found that 
changes in ambient light conditions at large 
distances made spot size detection even less 
accurate, as phone cameras automatically 
adjust brightness based on the lighting. For 
instance, if a light is present directly above 
the camera, the spot size will look drastically 
smaller than if the light were absent.  
 We also tried to modify the entirety of 
the experiment, by adding a diverging lens at 
the end of the laser. This produced decent 
results in the near - field, but was unreliable 
in the far field. The spot size quickly became  
too large for the target, uneven in intensity, 
and thus the same issues, if not more, were 
present.  
 Looking back at the design of the 
experiment, we see that at distances of 2.5 
meters from the target, a beam with initial 
waist of 2 mm only creates a spot size of 2.02 
mm. This difference is too small to notice 
with a standard camera phone, and thus, in 
the near - field, the device could never have 
worked. We simply lack the sophistication to 
do these fine measurements.  
 In the far - field, at a distance of 30 
meters from the target, a laser with initial 



waist of 2 mm should produce a spot with 
radius 3.69 mm. This difference should be 
large enough to notice. However, due to the 
large number of false positives showing up, 
during target detection, and the changes that 
ambient lighting provide to the seen spot size, 
it is still largely inaccurate at these distances. 
Thus we can conclude that, due to the heavily 
collimated nature of the laser beam, and the 
lack of sophisticated equipment, the 
experiment must fail. 
 Also, the wo value calculated in the far 
field, at a range of 25 meters, yields an 
impossibly large initial beam waist. This 
implies that some phenomenon exists which 
expands the beam greater than the regular 
divergence of a standard Gaussian beam. We 
assume this is due to the small, curved glass 
piece at the laser, from which the beam 
originates. However, even after attempts to 
fix for this difference, as seen in FIG. 23, 
were made, the degree of accuracy was still 
not great enough to solve for an accurate 
distance. This, again, is due to the fact that we 
lack instruments sophisticated enough to 
measure such small changes in radius. 
 There are other problems in the far 
field as well. Heat distortions may cause 
mirage like effects, curving the beam and 
increasing its total path. Other particulate 
matter and changes in air density may cause 
great difficulties in the measurement of 
distance, even curving the beam out of view. 
These sorts of problems are also present in 
the standard, high speed camera version of 
laser range finders, and no such solution has 
yet been discovered.  
 For these reasons, the lack of 
instrument accuracy, the greater than 
expected divergence of the beam, the inability 
to properly find the target and analyze the 
data inside at the far field, the unpredictability 
of spot size based on ambient lighting at the 

target, the automatic brightness adjustment of 
the phone’s camera based on ambient lighting 
around the camera, and the lack of regular 
spot shape as distance is increased, contribute 
to our inability to accurately determine the 
distance using a simple, household laser 
pointer, and a smart phone. 


