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Abstract

In this study, the show Wizards of Waverly Place is reviewed. The impact of the bright light emitted

from the Guardian Angel Dispatch Centre is considered, and it is determined that without eye

protection, the photochemical limit is exceeded, likely causing retinal damage to the characters.

Introduction

This paper investigates the Guardian Angel
Dispatch Centre (GADC) portrayed in Season
4, Episode 9 of Wizards of Waverly Place ti-
tled “Wizards & Angels” [1]. The entrance into
the GADC is a bright, glowing light. Tina, a
guardian angel in training, suggests to Alex that
the best approach to entering the GADC is to
“squint and run”, which Alex replies with “no, I
don’t run.” as she places sunglasses on her face
and saunters through the entrance.
This paper investigates the impact on the retina
that the holy light at the GADC’s entrance has
on both Alex and Tina’s eyes. To allow us to
investigate if the longer exposure time of the
light, Alex is exposed to has adverse effects, or
whether the sunglasses blocked enough light to
allow Alex’s vision to go unimpeded.

Theory

To determine the retinal damage, the irradi-
ance on the retina, I etina, must be considered
initially. Where I etina is defined as:

Apupil

(1)

where I.omen is the corneal irradiance, 7 is the
transmittance, Apupi is the area of the charac-

Iretina = IcorneaTA
retina

ter’s pupil, and Ajetina iS the area of the char-
acter’s retina [2]. The corneal irradiance in this
scenario would be equivalent to the irradiance
of the light emitting from the entryway of the
GADC. To determine how damaging the light is
to the character’s eyes, the energy per unit area
of the retina, Hietina, must be calculated. The
energy per unit area in terms of time, ¢, is given
by:

(2)

Hretina = Iretinat

where permanent retinal injury will occur if

Hretina > chreshold

where Hinreshold i the threshold energy per unit
area. The threshold value is dependent on the
mechanism that damages the retina. In this pa-
per, we will review both photochemical damage
and thermal damage. Photochemical damage
can be defined as retinal injury due to absorption
of UV photons, triggering chemical reactions in
retinal pigments. And thermal damage can be
defined as retinal injury caused by heating due
to intense optical power [3].

Results
Initially, considering Tina, who wears no pro-
tection from the bright light (7 = 1), but runs



through the entrance towards the GADC. We as-
sume that the diameter of Tina’s pupil is 3 mm
due to its contraction from the bright light [4],
and that she runs through the light for approx-
imately 4 s. It is also assumed that both girls
have a retina of area 1090 mm? [5] and that their
pupils are circular. If we consider the bright light
to have an equivalent irradiance to the Sun, the
corneal irradiance can be assumed to be 1360
W m~2 [6]. Equation 1 gives a value of 35.2
W m~? for Tina’s retinal irradiance, and substi-
tuting this value into Equation 2 suggests that
Tina’s retina has an energy per unit area of 141
Jm™2

Now, considering Alex, who walks through the
entrance and we assume to wear sunglasses that
offers a medium reduction of visual light with
a mean transmittance of 30.5% [7]. We assume
that Alex’s pupils have a diameter of 6 mm [4],
this is due to the sunglasses being darker, her
pupils will be more dilated than Tina, and that
she takes 20 s to saunter into the GADC. Us-
ing Equation 1 gives her retinal irradiance to be
2.68 W m~2, and substituting into Equation 2
gives her retina’s energy per unit area to be 53.6
Jm™2.

Discussion
To determine if either of the characters exceed
the thermal threshold, the following equation is
used:
Hipreshold = 28 X 104108 (3)

where « is the source size in radians and € is
the solid angle. The source is assumed to fill
both characters’ field of view (2 = 2x), when
« > 100 mrad the effective radiance limit is con-
stant [2]. Utilising Equation 3, Tina’s thermal
threshold is 7.04 x 107 J m~2, and Alex’s ther-
mal threshold is 3.52 x 10% J m~2. Therefore,
although both characters utilise different meth-
ods to enter the GADC, neither of them exceeds
the thermal limit, suggesting neither character
receives retinal injury due to heating.

The photochemical limit for both characters in
this situation is 100 J m~2 [2]. When considering
the scenario where corneal irradiance is equiva-

lent to solar irradiance, Tina’s character exceeds
the photochemical limit, as shown in Figure 1.
Due to Tina’s character exceeding the photo-
chemical limit, it is likely that at a minimum,
she will experience eye fatigue and blurred vi-
sion for a few hours, and at an extreme level, a
permanent minor loss of vision.
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Figure 1: Graph of energy per unit area against
corneal irradiance for the scenario.

According to Figure 1, Alex will only exceed
the photochemical limit if the light that is emit-
ted from the GADC has an irradiance of approx-
imately 2550 W m~2, which would likely cause
similar symptoms to those described for Tina.
However, at this level, Tina would likely experi-
ence more extreme symptoms and vision loss.

Conclusions

This paper investigates the show Wizards of
Waverly Place, when the characters Alex and
Tina enter the GADC, where the entryway is
portrayed as a tunnel emitting a bright light.
Both girls utilise different methods to enter the
GADC, with Alex walking in while wearing sun-
glasses and Tina running in with no eye protec-
tion. It is determined that the energy per unit
area on Tina’s retinas exceed the photochemical
limit, but neither of the characters exceeds the
thermal limit.
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