ODESSA NATIONAL MEDICAL UNIVERSITY

Department of Biophysics, Informatics and Medical Devices
Information

for

First year students

Taking the course of

Biological physics with physical methods of analysis
Specialty: 226 «Pharmacy, industrial pharmacy» 

IWS 12 3h  
Geometric optics
Composed by: 

As. Prof. P.G. Zhumatii

                                                                                 Approved

                 at the methodical meeting of the Department

                 "29" _August_ 2023,    Protocol No. _1_[image: image1.emf]
                    Head of Department, Prof. 

Godlevsky L.S.

               

ODESSA – 2023
IWS 12 3h  Geometric optics.

Perhaps the most important of optical devices are lenses. 
Lenses are usually made either of glass or clear plastic and are ground and polished to have spherical surfaces. Several varieties of two basic forms of lenses exist: converging lenses  and diverging lenses. 
Simple lenses, those that have negligible thickness compared to their diameter are known as thin lenses. The straight line passing through the lens center and traveling perpendicular to both surfaces is the optic axis. 
For a thin lens there is a common point, the focal point  F  at which all incident rays parallel to the optic axis will cross the optic axis. The distance  f  from this point to the center of the lens is called the  focal length  of the lens. 
The focal length of a thin lens is related to its radii of curvature  R1  and  R2  on each of its sides and its index of refraction  n  by the lens-maker’s equation
[image: image13.png]



In this equation the radii are taken as positive if the surface is convex and negative if concave. Note that a plane surface has an infinite radius of curvature.

To find the image location as well as its lateral magnification allows the lens equation 
[image: image2.emf]
Here  s  is the object distance and  s′ is the image distance.

The reciprocal of the focal length for a lens is called lens power  P,  where

[image: image3.emf]
Lens power is measured in reciprocal meters which are called diopters (D). Thus, the shorter the focal length is, the stronger the lens power. The diopter unit is mainly used in coding eyeglass lenses.
The two lenses with focal lengths   f  and  f ′   in contact with each other may be treated as a single lens with a combined focal length  f  given by

[image: image4.emf]
Most lenses in optical devices are, in fact, compound lenses designed to compensate for aberrations and so this equation tells how to find the net focal length of the compound lens.
Thick lens
When the thickness of a lens cannot be considered small compared with its focal

length, the thin-lens formulas are no longer applicable. The lens must be treated as a thick lens.

 This term is used for any system of coaxial spherical surfaces which is treated as a unit. The thick lens may therefore include several component lenses, which may or may not be in contact. 

[image: image9.emf]Let  n, n', and  n" represent the refractive indices of three media separated by two spherical surfaces.
Diagrams showing the characteristics of the two focal points of a thick lens are given in figure. 
 In the first diagram diverging rays from the primary focal point  F emerge parallel to the axis, while in the second diagram parallel incident rays are brought to a focus at the secondary focal point  F". 
Transverse planes through these intersections constitute primary and secondary focal planes.
In each case the incident and refracted rays have been extended to their point of intersection between the surfaces. Transverse planes through these intersections  constitute primary and secondary principal planes. 
These planes cross the axis at points  H  and  H", called the principal points. 
It will be noticed that there is a point-for-point correspondence between the two principal planes, so that each is an erect image of the other and both are the same size. For this reason

they have sometimes been called unit planes. They are best defined by saying that 

the principal planes are two planes having unit positive lateral magnification.
The focal lengths, as shown in the figure, are measured from the focal points  F  and  F" to their respective principal points  H  and  H".  If the medium is the same on both sides of the lens,  n" = n, the primary focal length   f  is exactly equal to the secondary focal length  f".

If the media on the two sides of the lens are different so that   n"  is not equal to  n, the two focal lengths are different and have the ratio of their corresponding refractive indices:

[image: image5.emf].
In general the focal points and principal points are not symmetrically located with respect to the lens but are at different distances from the vertices. This is true even when the media on both sides are the same and the focal lengths are equal. 
[image: image10.emf]In order to trace any ray through a thick lens, the positions of the focal points and principal points must first be determined. Once this has been done, either graphically or by computation, the parallel-ray construction can be used to locate the image as shown in figure. 
The construction procedure follows that given for a thin lens, except that here all rays in the region between the two principal planes are drawn parallel to the axis.

Provided the object and image distances are measured to or from the principal points, we can apply the gaussian lens formula

[image: image6.emf].

For the purposes of graphical construction the lens may be regarded as replaced by its two principal planes.
Of all the rays that pass through a lens from an off-axis object point to its corresponding

[image: image11.emf]image point, there will always be one for which the direction of the ray in the image space is the same as that in the object space; i.e., the segments of the ray before reaching the lens, and after leaving it, are parallel. 
The two points at which these segments, if projected, intersect the axis are called the nodal points, and the transverse planes through them are called the nodal planes. 
Since the incident and emergent rays make equal angles with the axis, the nodal points are called conjugate points of unit positive angular magnification.

 
In thick-lens problems a knowledge of the six cardinal points, comprising the focal points, principal points, and nodal points, is always adequate to obtain solutions.
The eye

Like a camera, a normal eye focuses light and produces a sharp image. However, the

mechanisms by which the eye controls the amount of light admitted and adjusts to produce correctly focused images are far more complex and effective. 

[image: image12.emf] Light entering the eye passes through a transparent structure called the cornea, behind which are a clear liquid (the aqueous humor), a variable aperture (the pupil, which is an opening in the iris), and the crystalline lens. 
Most of the refraction occurs at the outer surface of the eye, where the cornea is covered with a film of tears. Relatively little refraction occurs in the crystalline lens because the aqueous humor in contact with the lens has an average index of refraction close to that of the lens. 
The iris, which is the colored portion of the eye, is a muscular diaphragm that controls pupil size. The iris regulates the amount of light entering the eye by dilating the pupil in low-light conditions and contracting the pupil in high-light conditions.

The cornea–lens system focuses light onto the back surface of the eye, the retina, which
consists of millions of sensitive receptors called rods and cones. Only three types of color-sensitive cells are present in the retina; they are called red, green, and blue cones because of the peaks of the color ranges to which they respond. 
It is known that the cones respond to bright light only and are responsible for our distinction of colors. Rods, on the other hand, are sensitive to faint light, to motion, and to slight variations in intensity.

At the very center of the retina is a slightly yellowish indentation called the fovea. This small area contains a large number of cones and no rods. It is on this spot in each eye that one focuses the image of objects one wishes to see in minute detail. 
When light from any object enters the eye, the lens system forms a real but inverted image on the retina.
When stimulated by light, the receptors send impulses via the optic nerve to the brain, where an image is perceived. 
While all the images are inverted, it is a most amazing fact that we interpret them by the brain as being erect. 
A distinct image of an object is observed when the image falls on the retina.

The eye focuses on an object by varying the shape of the pliable crystalline lens. This ability is part of the process of vision called accommodation.
Changing the shape of the lens is accomplished by a rather complicated system of ligaments and muscles. Due to tension in the lens capsule, the crystalline lens, if completely free, would tend to become spherical in shape. 
Surrounding the edge of the lens is an annular ring called the sciliary muscle, which on contracting squeezes the lens, causing it to bulge. In effect this reduces the focal length of the lens, bringing nearby objects to a sharp focus on the retina.

If the sciliary muscle relaxes, the suspensory ligaments pull outward on the lens 
periphery, causing it to flatten. This increases the focal length, bringing distant objects to focus on the retina. This ability is part of the process of vision called accommodation.

As a person grows older, the crystalline lens becomes harder and harder, and the muscles that control its shape grow weaker and weaker, thus making accommodation more and more difficult. This condition is referred to as presbyopia. 
When the length of the eyeball is such that incident parallel light rays converge to a point

behind the retina, the person is far-sighted and is said to have hypermetropia. 
When parallel rays come to a focus in front of the retina, the person is near-sighted and is said to have myopia.

In order to correct these defects in one's vision, a converging lens of the appropriate focal length is placed in front of the hypermetropic eye, and a diverging lens is placed in front of the myopic eye. 
Accommodation is limited in that objects very close to the eye produce blurred images. The near point is the closest distance for which the lens can accommodate to focus light on the retina. 
This distance usually increases with age and has an average value of  25 cm. Typically, at age  10  the near point of the eye is about 18 cm. It increases to about  25 cm at age  20, to 50 cm at age  40, and to  500 cm or greater at age  60. 
The far point of the eye represents the greatest distance for which the lens of the relaxed eye can focus light on the retina. A person with normal vision can see very distant objects and thus has a far point that can be approximated as infinity.

In the eye defect known as astigmatism, light from a point source produces a line image on the retina. This condition arises when either the cornea or the lens or both are not perfectly symmetric. Astigmatism can be corrected with lenses that have different curvatures in two mutually perpendicular directions.

The simple magnifier

The simple magnifier consists of a single converging lens. As the name implies, this

device increases the apparent size of an object.

For the image formed by the magnifying lens to appear at infinity, the object has to be at the focal point of the lens. In this case, 

           [image: image7.emf].
With a single lens, it is possible to obtain angular magnifications up to about  4  without

serious aberrations. Magnifications up to about  20  can be achieved by using one or two additional lenses to correct for aberrations.

The compound microscope

A simple magnifier provides only limited assistance in inspecting minute details of

an object. Greater magnification can be achieved by combining two lenses in a device called a compound microscope. 
It consists of one lens, the objective, that has a very short focal length  fo ≈ 1 cm and a
second lens, the eyepiece or ocular, that has a focal length  fe  of a few centimeters. The two lenses are separated by a distance  L  that is much greater than either  fo  or  fe . 
The overall magnification of the image formed by a compound microscope is defined

as the product of the lateral and angular magnifications:

[image: image8.emf]
The negative sign indicates that the image is inverted.

Fiber optics

When light in an optically dense medium approaches the boundary of a less dense medium at an angle, greater than the critical angle, it is totally reflected. 
Bundles of tiny fibers of clear glass or plastic provide the basis for the sizable industry of  fiber optics. An ordered array or bundle of tiny transparent fibers can be used to transmit light images around corners and over long distances. 
Such bundles can resolve approximately  250  lines per millimeter.

Of the numerous practical applications of fiber optics, one of the most important is in the field of medicine. A cystoscope, or catheter-type instrument, enables the surgeon to observe and operate by remote control on tiny areas deep within the body.

