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quantity to char-
acterize planar 
light emitters, as 
luminous flux (lu-
mens) is provided 
to quantify the 
emission charac-
teristics of small 
spherical light 
emitters (lamps, 
LEDs, flashlights, 
etc.) and linear 
emitters (fluores-
cent tubes, neon 
lights, etc.). In a 
Lambertian emit-
ter, L is the same 
in all directions 
and in all points of 
the surface. This 
means that the 
emitted luminous 
intensity I of a 
point follows the Lambert law: I( ) = I(0) cos( ), where  
is the angle between the surface normal and the direction of 
observation (Fig. 1). Equation (2) is obtained by integrating 
the illuminance at the detector position given by a concentric 
ring of radius r over the interval 0–R.11,12

Equation (2) correctly converges to Eq. (1) for d   R, and 
to a constant value in the limit d ≪ R. In particular, ED = pL 
for d = 0. The product pL is defined as the luminous exitance 
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Smartphones are widespread devices among secondary 
school and university students, and they also offer a 
series of sensors integrated in a portable device, which 

are demonstrated to allow for a prompt and accurate measure-
ment of some physical quantities.1 For example, the smart-
phone light sensor was used to test Malus’s law,2 to monitor 
the circular motion of a light-emitting object,3 to measure 
the Brewster angle,4 to perform turbidity measurements of 
sugar solutions5 and transmittance measurements to verify 
the Lambert–Beer law,6–8 and to characterize point-like sourc-
es9 and linear sources.10 In the present work, we describe an 
at-home laboratory experiment that allows characterization 
of the emission properties of liquid crystal displays (LCDs)—
representing very well-defined planar emitters with tunable 
intensity, color, and shape—by determining their luminance 
level and a parameter accounting for the angular intensity 
distribution of the light source. This experiment represents 
a direct application of photometry principles at the basis of 
the quantification of the brightness of light-emitting screens 
as well as astronomical extended objects such as galaxies and 
nebulae.

Theoretical concepts
Illuminance (E) represents the luminous flux ( ) per unit 

surface (lumens per square meter = lm/m2 = lux, abbreviated 
lx) collected at a point, and it is a quantity that can be evaluat-
ed by means of smartphone light sensors. The inverse-square 
decay law of illuminance of a point light source with distance 
d, Eq. (1), is a common notion of basic optics theory, which is 
readily demonstrated to be a direct consequence of the propa-
gation of spherical wave fronts with a center at the point light 
source.

						    
	 			                                                 (1)

Planar emitters can be approximated as a dense array of 
point sources uniformly distributed over the surface. There-
fore, the illuminance dependence as a function of the distance 
from the emitter plane can be evaluated by an integration over 
the whole surface. For circular surfaces (disk with radius R) 
with a Lambertian emission pattern, the illuminance decay 
with distance from the center of the disk follows the rela-
tion11,12

				  
	 			           

 (2)

where L represents the luminance [nits (nt) or candelas  
per square meter (cd/m2) (the SI unit);  
1 nt = 1 cd/m2 = 1 lm · sr−1 · m−2], which is the appropriate 

Fig. 1. Radiation patterns of two luminous disks with equal illu-
minance trend as a function of the distance. The one on the left 
(non-Lambertian) has a smaller radius R and a preferential emis-
sion direction; the one on the right shows a larger radius R  (>R) 
and a Lambertian emission pattern.

Fig. 2. Picture of the experimental setup.
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ments at the same distance.
Illuminance measurements were performed under dark 

conditions, i.e., with background illuminance lower than 2 lx. 
The results are reported in Fig. 3. The saturation value of illu-
minance (luminous exitance) is 178 ± 5 lm/m2 for the laptop 
screen and 280 ± 5 lm/m2 for the TV screen. These data give a 
luminance of 56.7 ± 1.6 nt for the laptop screen and  
89.2 ± 1.6 nt for the TV screen. These results fall well within 
the expected luminance values of related screens, ranging 
from a few tens to hundreds of nits, depending on the achiev-
able brightness level adopted. For indoor use, nit levels below 
200 are sufficient, whereas under sunlight illumination, 
brightness may overcome 500 nt to ensure adequate visibili-
ty. In the case of screens equipped with high dynamic range 
(HDR), nit levels must overcome 1000 to ensure full optimi-
zation of the screen performance. The curves calculated with 
Eq. (2) by setting the actual radius of the displayed disk sys-
tematically underestimate the decay trend of the illuminance. 
A good interpolation of the experimental data is achieved by 
setting a radius 2.3–2.4 (1.8) times greater for the laptop (TV) 
screen (see calculated g values in Fig. 3). We interpret this 
difference in terms of a preferential forward emission of the 
LCD source (Fig. 1), in good agreement with the characteris-
tics described in the literature.13

Conclusions
LCDs represent useful and versatile models of planar 

emitters that are suitable to be characterized by a smartphone 
light sensor. We showed a simple methodology that allows 
one to obtain an estimate of the average luminance of the 
screen and the determination of the preferential forward 
emission degree (g parameter). We suggest a possible exten-
sion of this experimental activity by investigating the decay 
law on extended sources having different color, brightness, 
and emitter shape.
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the planar emitting device. Hence, by placing the smartphone 
sensor close in front of the luminous surface, one can extract 
the L value just dividing the measured illuminance by p.

Here, we give evidence that for LCDs the illuminance 
decay rate as a function of the distance is substantially lower 
than that calculated by Eq. (2). This can be the consequence 
of a directionality of the source emission pattern (luminance 
higher along the forward direction). Under these circum-
stances, the used planar emitter cannot be considered a Lam-
bertian source. Nonetheless, the decay law expressed in Eq. 
(2) can be restored if a virtual Lambertian source of radius  
R  > R is considered as a model system instead of our non- 
Lambertian source of radius R (Fig. 1). In view of comparing 
different sources, we propose to evaluate a dimensionless pa-
rameter (g = R /R) to quantify the emission directionality.

Procedure and experimental results
We adopted the light sensor installed in a Redmi 10C 

and we used the luxmeter function available in the Physics 
Toolbox Suite (Vieyra Software) to visualize the illuminance 
measured by the instrument. To produce a luminous disk 
(planar emitter), we visualized on a 15-in. laptop LCD (see 
Fig. 2) and on a 40-in. TV screen an image (jpeg format) of a 
white disk on a black background, setting the brightness level 
to maximum. The disk radius was set to 4.75 ± 0.05 cm and 
9.25 ± 0.05 cm on the laptop screen and 24.5 ± 0.05 cm on the 
TV screen, as measured with a meter stick. After orientating 
the smartphone plane parallel to source plane, the sensor was 
placed in the center of the luminous disk, while the source–
sensor distance was varied and measured with a meter stick 
(Fig. 2). For short distances, direct reading of the illuminance 
on the smartphone display might be prevented by the size of 
the source screen. In this case, data can be stored by the use 
of the “record” function of the software, and then shared, e.g., 
via Bluetooth. The uncertainty on the measured distances 
was estimated to be ±0.5 cm, whereas the uncertainty of the 
illuminance was 2–5 lx, resulting from repeated measure-

Fig. 3. Data points (black dots) collected with the smartphone sensor (uncertainties for distance and illuminance are well within the 
symbol size) and curves (red lines) calculated with Eq. (2). The real used disk radius (R) and that of the virtual Lambertian source (R ) 
are reported together with the g parameter.
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