PHYSICAL & MATHEMATICAL EDUCATION issue 1(15), 2018

Scientific journal ISSN 2413-158X (online)
PHYSICAL AND MATHEMATICAL EDUCATION ISSN 2413-1571 (print)
Has been issued since 2013.

HaykoBuii xypHan
PI3UKO-MATEMATHUYHA OCBITA

Bunaerscs 3 2013. sgientific
journal

http://fmo-journal.fizmatsspu.sumy.ua/

YepuH 10.0., bpumaH B.b., TpembeybKuli M.B. O6rpyHmyeaHHa eiocmaHi Halikpaujo2o 6avyeHHA. Pi3UKO-MamemMamuyHa
ocgima. 2018. Bunyck 1(15). C. 118-121.

Uhryn Yu., Brytan V., Trembetskyi M. Reasoning Of The Most Distinct Vision Distance. Physical and Mathematical Education.
2018. Issue 1(15). P. 118-121.

Y[K 53.03/.09, 535-3/-9
Yu.O. Uhryn, V.B. Brytan?, M.V. Trembetskyi
Ivan Franko Drohobych Pedagogical University, Ukraine
lvbrytan2@gmail.com
DOI 10.31110/2413-1571-2018-015-1-020

REASONING OF THE MOST DISTINCT VISION DISTANCE

Abstract. Examines the reasons for the establishment of most distinct vision distance. It is shown that in textbooks on
physics and Biophysics there is a full explanation of this concept. It is proved that the blur of the point image on the retina decreases
when removing points from the eyes and practically stops its decrease, when the deletion reaches about 10 cm taking into account
calculations for the phenomenon of the spherical surface refraction neuraxial rays.

The conclusion that the most clear distance vision is the optimal distance that a valid low when a good enough linear
resolution and, at the same time large enough to form images of paraxial rays.

The three major ideas concerning this problem are distinguished:

The lens equation for nonparaxial ray are found.

It is shown that even in the case of unlimited re duking ability of focal length of human eye crystalline lens, the vision will
not be perfect because refraction nature of spherical surface for nonparaxial rays. If an object is located too close to the eye,
then image is formed by nonparaxial rays giving a lot images on the retina of each point of the object. As the result, the image is
blurred. If an object is too far from the eye, another problem appears: liner resolution decreases, so the images of different
points of the object join into one point.

It is shown that existence of the most distinct vision distance due to not biology nature of the human eye but only
physics nature of spherical surface refraction and circular aperture diffraction.

Keywords: the most clear distance vision, linear resolution, angular resolution, paraxial beam, separately beam.

Introduction. The authors of the physics textbooks do not pay sufficient attention to the problem of the different
distances of view. Often this subject takes a few lines of text, or authors, only arguing the fact that this distance is about 25 cm
[2]. However, some authors try to explain the origin of this distance (this figure), but these explanations seem to us to be not
quite exhaustive. On this topic we can distinguish three main ideas. First, the most clear distance vision was formed with the
process of evolution by studying items in our hands [4, 5], or production activities with the curved sleeves [1]. The second idea is
that in order to see the object so far, the eyes are not pushed [8, 9]. In our opinion, the most adequate expression is that the
clearest distance vision is bounded from below, the inability of the visual object to see objects closer to a certain distance [3, 7].
This failure is caused by the failure of the crystal lens to increase its convexity (reducing its focal length), sufficient to get too close
to the image of the object hit the retina of the eye.

We will show that there is no need in the above-mentioned ability of the eye to decrease its focal length smaller than a
certain value. If the crystalline lens can even reduce the focal length, it will not improve the details of the object. Only the spherical
surface refractive nature restricts the type of object that is too close to the eye.

Physical model and calculations. Suppose that the optimal distance of the object to which the eye distinguishes all the
parts of the object exists, therefore there is the clearest distance vision. Let the object is at this distance. Determine what
problems can occur when the object distance is greater than most of the different distances of vision, and when it is coming.
Aggravation of vision, which occurs when you delete an object with the eye, obvious that the linear resolution is reduced. It is
known that for the eyes as for the lens, the minimum angle hanging from the two closest points for which they are allowed equal
to [2]:

a, 1222,
d

where is the wavelength of light, hole diameter (box of eye - pupil).
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For eyes, this angle being a constant independent on the distance of these two points from the eyes. Therefore, the
angular resolution of the eye is constant. On the contrary, the linear resolution depends on the distance of these two points from
the eyes: with the decrease of its linear resolution.

Thus, if the eye is far from the object, its linear resolution is less.

What problems arise when the object is approaching to the eye? At first glance it seems that a corresponding increase in
linear resolution will lead to improved vision. However, at the same time, the angle between the rays and the axis of the eye is
increased, and the beam becomes neuraxial. Namely, in the formation of the image, in addition to paraxial, rays neuraxial
participate. Because neuraxial rays are refracted by a lens stronger than the paraxial, real image point, which appears on the
screen (retina), is not a point but a segment, so the image of the object is blurred.

Show it with the help of calculations. First, find the equation of depreciating lenses for ray striker for a lens with an angle
to the axis (Fig.1).

| i
a b

Fig. 1. Napilasya refraction of rays in the lens - the distance from the lens to the point - the object, - distance from image to

lens, is the radius of the lens, the radius of curvature of the lens surface, the angles of incidence and refraction for the first

lens surface, respectively, is the same for the second surface, 9 is the angle between the normal to the surface of refraction
and the normal to the axis, is the angle between the refracted ray and the normal to the first surface of refraction.

By applying the law of refraction for both surfaces of the refractive lens, we have:

sinr,
sini, 1
sinr, n’

with the refractive index of the lens.
From figure 1 and taking into account the theorem of sine, which will be used for the triangle, we get:

i+29+sin[%sin aj =7,
r,+20+x=r,

R
0 =arctg—,
gh

h
a =arctg—.
a

After the last six equations and triangle equation for beam shows which incidents should be a thin double-convex lens

with an angle of axis:
R 11 R . (a-R .
+ arcsin| —sin 2arctg — |+ arcsinf ——-=SIin«
(s]7% n atga R

Now we can use this equation to calculate the distance of the image points lying on the axis of the eyes with different
distances of the object. The axis of the optical system was modeled by the convex lens (the retina) at a distance of 25 mm from
the lens [9].

The maximum angle between the axis and the incident beam is determined by the radius of the hole (pupil). The table
shows the results of the calculation of the distance image formed by the paraxial () and neuraxial (mm) shown rays. Different
radii of curvature in this table take into account the location of the eyes, which requires that the image of the object to be deleted
at any distance, hit the retina.

Table. - distance from the eye to the object, the radius of curvature of the lens surface, which modulates the refractive
system of the eye, the distance from image to lens (the retina), is the radius of the lens (the radius of the pupil), - blur the point
image.

b=-atga -tg arctg( R ]+ arcsin[n sin(Zarctg[
atga a

a (mm) R (mm) D {mmj Ab (mm)
withh=0 with N=2mm
20 6,67 25 21,79 3,21
50 10,0 25 23,74 1,26
100 12,0 25 24,19 0,81
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200 13,3 25 24,25 0,75

300 13,8 25 24,29 0,71
As can be seen from the table, drawing a point close to the eye, leads to differences that can be customized, which
means that the point image is more blurred. The dependence on the distance to the object shown in figure 2. We see that,
starting from a distance of cm, blur of image is not reduced.

3,5

4] 50 100 150 200 250 300 350
a, mm
Fig. 2. The dependence of the blur spot image the distance of the point from the eye

Thus, we can Express this distance as the most clear distance vision. Indeed, only a distance of 10 cm is the distance of
clear sight for children. With age, this distance gradually increases because the crystalline lens loses its elasticity and remains
stretched, despite the fact that the ciliary muscle is strained, and too large a radius of curvature leads to the pass retinal images

(Fig.3).
R R

e
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B

Fig. 3. Modeling hyperopia. O - object, R is the refractive system of the eye, | is the image of the object is the retina, F - focus.
Refracting system of the eye cannot reduce the focal distance so the image caught in the retina.

Conclusions. We can conclude that the most clear distance vision is the optimal distance to be small enough for a good
linear resolution and, at the same time to be large enough to form an image using paraxial rays. The existence of this distance is
due only to the nature of the spherical refraction surface and diffraction of circular aperture. It is clear that this distance exists
even for perfect eyes - eye opportunity for any small accommodation. Then, the ability of placing a lower bound the most perfect
distance vision, but quite the contrary, the most clear distance vision restricts the possibilities for accommodation. With regard
to the placement at a distance less than 10 cm, it is not necessary, and this ability of the human eye did not appear as it is in
nature, when some of the activities of living organisms have not evolved with the evolution, because there they were not needed.
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OBGI'PYHTYBAHHA BIACTAHI HAI7IKPALLI,OI'0 BAYEHHA
YepuH 10. O., BpumaH B.b., TpembeybKuii M. B.

Jpozobuybkuli depxasHuli nedazoaiyHuli yHisepcumem imeHi lsaHa ®paHka [poaobuy, YkpaiHa
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AHomayifa. [locnidweHo npuduHU GopmysaHHA eidcmaHi Halikpaujo2o b6a4eHHA. [1OKGA3QHO, WO 68 HAB8YA/AbHUX
niopyyHUKax 3 ¢hizuku i bioghi3uKu Hemae su4epriHo20 MOSACHEHHA Uiel 8eauvuHU. 3a 00rMomMoz20t0 obyucsieHb 044 AsUWd
30/10MsIeHHA ChepuYHOIO MOBEPXHED HENAapaKcianbHUX MpomeHie 008e0eHO, W0 POo3MaAus4amicms 306paXeHHA MOYKU Ha
cimkisyi oka AHOUHU 3MeHWYEMbCA 3 8i00aneHHAM Yiel moYKu 8i0 OKa i IpakmMuYHoO rnepecmae 3MeHWysamucs 3a 8iocmati 8iod
0Ka 6:1u3bKo 10 cM. 3pobsieHo BUCHOBOK, WO 8i0CMAHb HAlIKPAW020 6a4eHHA — Ue oNMUMAanbHa 8i0cMaHs, AKA € NPUlHAMHO
Mano 0149 moeo, wob byana 0ocmamHbor AiHIlHG po30ineHa 30amHicme | 800HoYac docume 8eaUKOo 0719 Mo20, Wob
306paXceHHsA KOXHOI MoYKu npedmMema ymeoprosasoCh Ha CimKiayi 8i0 nepemuHy NapakcianbHUx npomMeHis.

LLlodo yiei npobaemu moxcHa sudinumu mpu 20708Hi ioei:

3HalideHo hopmynu niH3U 045 HENAPAKCianbHUX MPOMEHIB.

MoKa3aHo, wjo Hasime y 8unadKy HeobmexreHoi 30amMHOCMI KpUCcMasnuKka oKa AOUHU 00 3MeHWEeHHA CBOEI (hOKYCHOI
8i0cmaHi, 6a4eHHs He by0e OOCKOHA/UM 8HACMAIOOK NpupoouU 3a710MAEHHA HENMAPAKCianbHUX MPOMEHI8 CihepU4HOH Mo8epxXHero.
AKwo npeomem po3miuwjeHUli HaAOMo 6auU36K0 G0 OKA, MO 3006pPaM(eHHA OPMYEMbLCA HernapakcCiaabHUMU MPOMEHAMU, Wo
CMPUYUHAE BUHUKHEHHA 6a2ambox 306paxceHb KOXCHOI MOYKU Ha CimKieyi oKa. B pe3ysbmami 306paxiceHHs po3naueaemscs.
AKW0 # npedmem 3Haxo0umecs HAOMO 0AAEKO, 8i0 OKA, BUHUKAE [HWA Npobaema: 3MeHWYeMbCA AiHiliHe po30ineHHa i moodi
306paXEeHHA Pi3HUX MOYOK Mpedmema 3/1U8arMosCs 8 00HY.

MoKka3aHo, wo icHyeaHHa 8iocmaHi Halikpaujo2o bavyeHHs 0b6ymosaeHo He 6ioa02iYHO MPUpPOOOIo AOCLKO20 OKa, d
came, i3u4HOI0 MPupPoOOIo 3a70MAEHHA HA ChepuyHili nosepxHi ma dugpakryii Ha Kpyanomy omeopi.

Knruosi cnoea: sidcmaHb Halikpauwjoeo b6a4yeHHs, akomodayis, niHiliHa po3dineHa 30amHicms, Kymosa po30dinbHa
30amHicmb, NapakcianeHuli NPOMiHb, HenapakxciaasbHUl NpomiHe.
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