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BIZIOMOCTI ITPO ABTOPIB
Trkauenko Irop AHaToJIiiOBUY - KaHAMIAT MEAArOriYHMX HayK, AOLCHT Kadeapu (izuku i
ACTPOHOMIT Ta METOJIMKH iX BHKJIaJaHHsI, Y MAaHCHKHI JepyKaBHUI IearoriaHHi.
Kono nayxosux inmepecig: Teopis i MeTOIMKa HaBYaHHS (Bi3UKH I aCTPOHOMII.

STUDYING OF LENSES AND THEIR PROPERTIES
Olena TRIFONOVA

B cmami posenaoaemvbcs eKchepumMeHmanbha MemoOuKa HA8YAHHA NOWUPEHHS Ceimaa y
JH3AX, NPUIMAX, NIOCKUX NAACTUHKAX MA Y NOCYOUHI 3 600010.

The article is devoted to experimental studying of light passing through lenses, prisms, plates
in water.

Inform the students that a clear material, e.g. glass, which reflects or refracts light can, for
particular curve shapes, cause parallel rays of light to converge at a point. Reflecting surfaces,
curved or not, are referred to as mirrors in optics. Mirrors have one focal point to go with their one
curved surface. A refracting material with two curved surfaces is called a lens. Since a lens has two
curved surfaces, it has two focal points. If the curved surfaces are close enough together that we can
neglect the distance between the surfaces, we refer to it as a thin lens.

It is known from the schc|>ol course of physics that a lens can be one of tv'vo types:
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converging a lens in which parallel rays of light passing through the lens are brought together at
the focal point. Rays of light which come from a point object placed at one of the focal points and
which pass through the lens are converted into parallel rays (see figure 1).
First and second focal points of a converging thin lens.
- diverging a lens in which parallel rays of light diverge after passing through the lens. The
focal length of a diverging lens is defined as a negative quantity, see figure 3).

Figure 3 Figure 4
Experiment 1. Construction focal points.
Equipment: source of light, lens, horizontal screen.
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First and second focal points of a diverging thin lens and the negative focal length.

Direct a parallel beam of light to a lens, figure 3. Construction of a focal points on the
horizontal screen. Drawing motion ray, figure 1, 2.

Experiment 2. Studying ray in concave lens.

Equipment: source of light, concave lens, horizontal screen.
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Direct parallel rays from spring light to a concave lens, figure 4. We offer to practice in drawing of
rays motion, figure 5, 6.

Studying of lens.

We can use a lens to image an object. In the case of a thin lens, we define the object distance,
d, as the distance of the object from the centre of the thin lens. The image distance, £, is the
distance of the image formed from the centre of the thin lens, and we usually term the focal
distance, £, as the distance of the focal point from the centre of the thin lens, see figure 7.

Figure 7. Definition of image, object, and focal lengths for a thin lens

I 1T 1

The object, image, and focal lengths are related by the formula — +—=—.
d [ F
Furthermore, the size of the image in the plane of the image, object, and lens, which we depict
as h, is related to the size of the object (call it y) by the magnification. The magnification is

h!
m="_

h d

We define images which are on the same side of a converging lens as the object as virtual.
Note that in such cases d <0 and the magnification is positive. For real images, the image is

inverted compared to the object h' have opposite signs. Hence a positive magnification
corresponds to an erect, virtual image while a negative magnification corresponds to an inverted,
real image.
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Let's consider an example.

Problem 1:

We have tools: lens with a focal length of 7,00 cm on the table.

A converging lens with a focal length of 7,00 cm forms a 1,30 cm tall image of a 4,00 mm tall
real object that is to the left of the lens. The image is erect. Find the locations of the object and the
image and determine whether the image is real or virtual.

Solution:
Since we have the sizes of the images, we can find the magnification.
h 13
m="=""=4325.
4

Notice that since the image is erect, /> 0 and the image is virtual. The magnification also
implies m =§ and f =3,25d .

Since s is positive (the object is real), the image distance is negative so it is located to the left of
the lens as the object is. We now find the distances for the object and the image.

So the image is located 15,8 cm to the left of the lens and the object is located 4,85 cm to the
left of the lens.

Experiment 3. Laboratory investigation [1, p. 406] Images Produced by a Convex Lens.

Problem. How is the image formed by a convex lens dependent on the distance between the
lens and the object?

In this investigation, the students will learn how real and virtual images are produced by a thin
co convex lens, figure 8.

<«—— Focal length —>

Y
E::— s
Light souce Convex lens Screen
Figure 8

Each group of students will need a convex lens, lens holder, screen, meter stick, support stands,
and a light source, such as a light bulb.

Procedure.

1. Arrange the apparatus as shown in the illustration. Place the light source at least 2 m away
from the lens. Then make a table like the one shown below.

2. Focus the light rays of the source of light on the screen. The image should be bright and
clear. For practical purposes, the light rays from such a distant source come in parallel to the
principal axis of the lens. Describe and measure the size of the image and of the light source, which
serves as the object. Measure and record the focal length, which is the distance between the lens and
the focused rays on the screen.

3. Move the light source to a position that is greater than twice the focal length of the lens.

Object Image position (erect or

distance inverted) Image size Focal length

Object size
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Align the lens, the source, and the screen so that the image falls in sharp focus on the screen.
Record the image size and the distance of the object and screen from the lens in the table. Record
the size of the object.

4. Move the light source to a point that is exactly twice the focal length. Adjust the lens and
screen to obtain a sharp image. Record the information required in the data table.

5. Try moving the light source to other distances from the lens. What happens to the image size
and distance?

Experiment 4. Studying of light refraction in a prism.

Equipment: source light, prism, screen.

In optics, a prism is a transparent optical element with flat,
polished surfaces that refract light figure 10. The exact angles between
the surfaces depend on the application. The traditional geometrical

e | shape is that of a triangular prism with a triangular base and
' rectangular sides, and in colloquial use “prism” usually refers to this
type. Some types of optical prism are not in fact in the shape of
geometric prisms. Prisms can be made from any material that is
transparent to the wavelengths for which they are designed. Typical
materials include glass, plastic and fluorite.

Experiment 5. Studying of light refraction in a lens.

Equipment: source of light, lens, screen.

Principle. In conjunction with the experiments on the
refraction of light, this experiment is of particular
importance, figure 11. Knowledge of the law of refraction is
strengthened and transferred to new contexts. At the same
time, in this experiment, the students become familiar with
the lenses which are most frequently used in optical
apparatus.

The main focus of the first part of the experiment
concerns the observation of the course of parallel, incident
light beams converged by a convex lens and strengthening
the concept of focal length.

In the second part of the experiment, the path of three selected light beams is experimentally
investigated and the general prerequisites for the understanding of image formation, to reconsidered
later, are laid down [3].

The second part of the experiment is more demanding in terms of the abilities and experimental
skills required of the students. Both experiments can be seen as individual units and can, likewise,
be carried out separately. This is to be recommended in the interest of conscientious performance
and further strengthening of the students experimental skills.

Nevertheless, individual group work can also be recommended (each group investigating the
course of different, selected light beams then, at the end of the experiment, the data is collected to
give a total result).

Figure 10

Figure 11

Task.

1. How does light pass through a lens?

2. Investigate the passage of light through a
plane convex lens.

3. Investigate the passage of selected light rays
falling on a plane convex lens.

Principle. In this experiment, the students have the
possibility of perfecting their experimental skills and
strengthening their understanding of the law of
refraction, figure 12. In conjunction with the
Figure 12 observation of incident light at the boundary between
air and glass, the path of the light beam is determined
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and evaluated by using a semigraphical procedure. In this way, the importance of mathematics for
the understanding of physics can be demonstrated [4].

The experiment is demanding in terms of the experimental skills of the students. Only after
careful adjustments and a conscientious evaluation can good results be obtained.

Studying the move of the rays in parallel plate.

Approach. We apply Snell's law at the first surface, where the light enters the glass, and again
at the second surface where it leaves the glass and enters the air.

Solution (a). The incident ray is in air, so n, =1,00 and n, =1,50. Applying Snell's law
where the light enters the glass o = 60 . It gives B =35,3.

Red ray from
object

Air

Since the faces of the glass are
parallel, the incident angle at the second
surface is just [ (simple geometry), so
sin3=0,5774. At this second

interface, n, =1,50 and n, =1,00.

The direction of a light ray is thus
unchanged by passing through a flat piece

Glass

of glass of uniform thickness [2, p. 851].
Experiment 6. Determination of
apparent depth of a pool.
A swimmer has dropped her ring to
the bottom of a pool at the shallow end,

Figure 13. Image when viewed through the glass

marked as 1,007 deep. But the ring

doesn't look that deep. Why? How deep
do the ring appears to be when you look
straight down into the water?

Approach We draw a ray diagram
showing two rays going upward from a

point on the ring at a small angle, and being refracted at the water's (flat) surface, figure 14. The two
rays traveling upward from the ring are refracted away from the normal as they exit the water, and
so appear to be diverging from a point above the ring (dashed lines), which is why the water seems

air

Figure 14
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less deep than it actually is.

Solution. To calculate the apparent depth h'
(figure 14), given a real depth A =1,0-m, we use
Snell's law with n, = 1,33 for water and n, =1,0 for
air: sino =sin 3.

We are considering only small angles, so
sin o, ~ tg o with 9 in radians. So Snell's law becomes

X
B~ n,o . From figure 14, we see that 3 = tg[3 = X
da=tga al
an ~ =—.
d
: : X  mx
Putting these into Snell's law we get — =~ _h and
h  1,0m
h'~—= =0,75m.
n, 133

The pool seems only three-fourths as deep as it
actually is.
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Experiment 7. Study of notion «Optical illusion» (mirage).

Fermat’s principle states that the ray path from an observer at 4 to a point B in space is an
extremal of optical length figure 15. For example, along a sunbaked road, the temperature of the air
is warmest near the road and decreases with height, so that the index of refraction, n, increases in
the vertical direction.

For an observer at 4, the curved path has ~ A
a smaller optical path than the straight line. R
Therefore, he sees not only the direct line-of- %
sight image of the tree top at B, but it also > =Sewss B
appears to him that the tree top has a mirror i "
image at C. If there is no tree, the observer - C
sees a direct image of the sky and also its Figure 15
mirror image, thereby giving the impression,
perhaps sadly, that he is looking at water [5].

Conclusion. Offered experimental methods of studying the light passing through the lens help
to form student’s virtual thinking and qualified mastering of optic phenomena. They individually
change directions between the objects and lenses, prisms, and flat, parallel plates.
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MOJEJIOBAHHSA ®I3UYHOI CUTYALII ITPU
®OPMYBAHHI MIPAKTUYHOI KOMIIETEHTHOCTI
YYHIB 3 PO3B’SI3YBAHHS ®I3NYHUX 3AJAY

Kamepuna Y4OPHOBAH

Y emammi posenanymo npobremy gpopmyeanna npakmuunoi KomMnemeHmMHOCMI WKOJIAPIG 3
numanb po3e’azyeanns saoay. Haseoeno npuknau poss’asyeamnns 3a0a4, 6 AKUX AKYEHMYEMbCA
yeaza Ha MoOemo8anti QizuuHoi cumyayii Ak 0OHIEl 3 OCHOBONONONCHUX NPOYECY PO36 s3VEAHHS
6y0b-51K020 muny 3a0a4 3 QizuKu.

The article considers the problem of forming practical competence of students on the issues
of solving the tasks. It contains examples of solutions of the tasks in which the attention is paid on
the modeling of physical situation as a fundamental process of solving any kind of tasks in physics.

OnHuM 13 cydacHHMX HampsMKiB pedopMyBaHHS OCBITH B YKpaiHi, 3rimHo 3 Jlep:kaBHEM
CTaHIapTOM 0a30BOi 1 OBHOI cepelHbOT OCBITH [ 1] € BIpOBa»)KEHHS KOMIETEHTHICTHOTO MiIXOY,
3TiIJHO SKOTO TOJOBHOIO MeTOr0 (i3MyHOT OCBiTH € (OpMyBaHHS Ta PO3BUTOK COLIAIBHO-
0COOUCTICHOI, = KOMYHIKaTUBHOI, iH(OpMamiiHOI, NPaKTUYHOI Ta  3araJibHOKYJIbTYPHOL
KOMIIETEHTHOCTEH.

HaykoBumHu OCTIIKEHHSIME 3 TUTaHb BIIPOBAKCHHS KOMIIETEHTHICHOT OCBITH y HaBYQJILHHUHA
mpolec SK y BHINIH, Tak 1 y cepeanid mkoii 3aiimanuchk I. bex, 0. I'anatiok, C. 'oHuapeHko,
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