
AIJREAS                 VOLUME 5,  ISSUE 1 (2020, JAN)                      (ISSN-2455-6300)ONLINE 

Anveshana’s International Journal of Research in Engineering and Applied Sciences 

 

Anveshana’s International Journal of Research in Engineering and Applied Sciences 
EMAILID:anveshanaindia@gmail.com,WEBSITE:www.anveshanaindia.com 

36 

AN OVERVIEW OF CHROMATIC ABERRATIONS, MINIMIZATION 

OF SPHERICAL ABERRATION 

Dr.K.Balan 
Department Of Computer Science Engineering  

SHRI JAGDISH PRASAD JHABARMAL TIBREWALA UNIVERSITY  
VIDYANAGARI, JHUNJHUNU, RAJASTHAN–333001 

2020  
 

ABSTRACT:  

According to geometric optics, the photograph of a 

point item shaped in a lens is a factor photo. In 

reality, the image of a factor object isn't a point 

image, however it's miles spread in to a region in 

space both along and perpendicular to the axis of 

the lens. The deviation of an optical photo in size, 

form and position shaped by way of a lens is known 

as aberration of an optical picture. even when an 

optical device is perfectly made, the photograph is 

never quite perfect. these variations between 

perfection and what's truly viable are known as 

“aberrations”. they're divided into two classes: 

chromatic (shade) aberrations and monochromatic 

aberrations. The spherical aberration in a convex 

lens is taken to be superb because the marginal 

photo is fashioned near the lens than the paraxial 

image. in the case of concave lens the spherical 

aberration is taken to be bad as the marginal 

image is formed to the proper aspect of the 

paraxial image. on this paper, the evaluation of 

chromatic aberrations and minimizing of round 

aberration is discussed. 

KEYWORDS:  Aberration, Deviation, Spherical 

aberration, Chromatic aberrations. 

INTRODUCTION:  

in step with geometric optics, the 

photograph of a factor item shaped in a 

lens is a factor photograph. In fact, the 

image of a factor object is not a factor 

image, but it's miles unfold in to a vicinity 

in space each alongside and perpendicular 

to the axis of the lens. The deviation of an 

optical photograph in length, form and 

position fashioned by using a lens is called 

aberration of an optical image. 

The aberration of an picture is not due to 

any defect within the construction of the 

lens, however it's far due to the reasons 

stated beneath: 

(1) The phenomenon of refraction within 

the lens and 

(2) variant of refractive index of the cloth 

of a lens with the wavelength of mild. 

Chromatic aberration: Aberration of 

optical snap shots formed in a lens due to 

the version of refractive index with the 

wavelength of light is called chromatic 

aberration. 

the two chromatic aberrations are axial 

chromatic and lateral chromatic. The 

difference is that axial chromatic 

aberration is gift at the optical axis, in 

addition to everywhere else. Lateral 

chromatic aberrations best occurs off-axis. 

Axial Chromatic Aberration: 

Axial chromatic aberration (ACA) takes 

place anywhere inside the subject of view, 

and is pretty tons the equal everywhere. 

The reality that the refractive index (nλ) of 

glass is special for special wavelengths 

causes this. 

Correcting for Axial coloration: 

It wasn’t till 1757 that John Dolland 

located combining  exceptional sorts of 

glass ought to lessen this hassle. This 

technique, known as an achromat (from 

the Greek ‘a‘ (without) and ‘chromos‘ 

coloration), brings the blue and pink foci 

to the equal area and leaves the 

inexperienced mild at a specific focal 

duration. See determine 1 for an example. 
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Fig 1: Achromatic Doublet 

using an achromatic doublet, as in fig 1, 

extensively improves photo satisfactory 

with the aid of reducing the blur. Bringing 

all three wavelengths to a commonplace 

consciousness can similarly reduce this 

blur. This kind of lens, referred to as an 

apochromat, is generally made from 3 

elements. 

“stopping down” the lens is another 

manner to lessen ACA. This just way 

permitting a smaller diameter of mild thru 

the systems. The term “stopping down” 

comes from the scale of the stop in the 

lens, that's simply the proscribing aperture 

inside the optical device. 

it is vital to word that stopping down the 

lens does no longer change L-ACA 

however as an alternative can substantially 

decrease T-ACA. that is due to the fact 

stopping down the lens does no longer 

trade the focal length distinction between 

shades, it only decreases the attitude 

among the mild rays and the optical axis. 

therefore, it decreases the space from the 

optical axis that the out of focus mild rays 

move the picture aircraft (T-ACA). 

Lateral Chromatic Aberration: 

Lateral chromatic aberration (LCA) 

increases linearly with the distance from 

the optical axis. which means it is 0 on 

axis due to the fact the gap from the axis 

is 0. in case you’re seeking out some 

other way to consider lateral colour, keep 

in mind this: lateral coloration is a 

chromatic difference in magnification – 

pink objects appear larger than blue or 

vice versa. As visible discern 2, the red 

photo peak is larger than the 

inexperienced and blue photograph 

heights. The distinction between the 

extreme picture heights is equal to the 

amount of LCA is in a system. 

                                

 
Fig.2 Lateral Chromatic Aberration 

 

Correcting for Lateral Color: 

 

If ACA is found in a gadget, LCA is linear 

with appreciate to stop position. 

accordingly it’s beneficial to pick out a 

forestall function where the LCA is zero. 

once LCA is corrected, ACA may be 

corrected by means of achromatizing 

(changing factors to achromats) factors 

that aren't close to the forestall. as soon as 

ACA is corrected, the prevent can be 

moved to its original position considering 

that LCA relies upon at the presence of 

ACA in a lens. 

We also can use symmetry to accurate for 

LCA. Designing a lens system in order 

that it's far near symmetric about the stop 

will lower LCA. 

 

Monochromatic aberration: The 

aberration of optical image even when 

monochromatic light is used is known as 

monochromatic aberration.  

There are five different types of 

monochromatic aberrations.  

They are,  

(1) Spherical aberration  

(2) Coma  
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(3) Astigmatism  

(4) Curvature of the field and  

(5) Distortion  

Spherical aberration: 

The rays of mild from the remote item 

after passing thru the lens at the margin of 

the lens [known as marginal rays] 

converge at a factor Im near the lens. 

similarly, the rays of light passing via a 

location near the axis [known as paraxial 

rays] converge at a factor Ip, faraway from 

the lens. This effects in an photograph that 

spreads into a place from Im to Ip along 

the axis and from A to B perpendicular to 

the axis. This disorder of the photo 

because of the rays passing thru specific 

segment of the lens, regardless of 

monochromatic light, is referred to as 

spherical aberration of the lens.  

The spread of the photograph along the 

axis, [dx] is known as longitudinal 

spherical aberration. The image fashioned 

at AB is a circle with least diameter and at 

this role the first-rate photo is formed. This 

circle is referred to as the circle of least 

confusion. The radius of the circle of least 

confusion measures lateral round 

aberration.   

 

FIG 3: Spherical aberration in convex lens 

Aberrations are divided into  principal 

categories: errors that occur whilst 

polychromatic mild (white mild) is handed 

thru a lens, and errors that are present 

while handiest a unmarried wavelength 

(monochromatic) of light is applied. the 

selected references listed underneath 

incorporate records approximately the 

reason and correction of the maximum not 

unusual optical aberrations encountered 

with microscope and different lens 

systems. undergo in thoughts that the 

optical clothier need to correct for each 

polychromatic and monochromatic 

aberrations concurrently within the 

production of properly-corrected 

microscope goals. 

METHODOLOGY: 

The spherical aberration in a convex lens 

is taken to be positive as the marginal 

image is formed near the lens than the 

paraxial image. In the case of concave lens 

the spherical aberration is taken to be 

negative as the marginal image is formed 

to the right side of the paraxial image. 

MINIMIZATION OF SPHERICAL 

ABARRATION: 

Methods of reducing spherical aberration: 

(1) By using stops: In this case, the stops 

used will either allow the paraxial rays or 

marginal rays. Usually the stop is used to 

avoid the marginal rays. This brings 

paraxial and marginal images close to one 

another thereby reducing the spherical 

aberration.  

(2) By the use of Plano-convex lens: In a 

lens, the deviation produced by the lens is 

minimum, when the deviation is shared 

equally between the two surfaces of the 

lens. This is achieved in a Plano-convex 
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lens by arranging convex side facing the 

incident or emergent rays whichever are 

more parallel to the axis as shown in the 

following figure(4)  

                         

 

         FIG 4: Plano-convex lens by 

arranging convex side facing the incident 

or emergent rays 

(3) By the use of crossed lenses: It is 

theoretically known that the lenses have 

minimum spherical aberration when the 

parallel rays fall of the lens having their 

radii of curvature r1 and r2 bearing a ratio, 

which satisfies the following condition. 

 

the ratio  is the refractive index of the 

material of the lens. For a lens of = 1.5 

the above equation, r1/r2= -(1/6). A lens 

having its radii of curvature satisfying this 

condition is known as a crossed lens.    

 (4) By using two Plano-convex lenses 

separated by a suitable distance: When 

the two plano-convex lenses are separated 

at a suitable distance, the total deviation is 

divided equally between the two lenses 

and the total deviation is minimum. This 

reduces the spherical aberration to 

minimum. The necessary condition is 

derived as follows.  

   With reference to figure (5), we can 

write,  

   

       

  FIG 5 

Since F2 is the virtual object of the real 

image F1 and using the lens formula for 

the second lens, we can write the equation, 

 

In this equation 

 

Substituting for ‘u’ and ‘v’ and 

simplifying, we get, 

 

Equation (4) gives the condition for 

minimum spherical aberration. 

(5) By using suitable concave and 

convex lenses in contact: Since spherical 

aberration produced by convex lens is 

positive and that produced by a concave 

lens is negative, a suitable combination of 

convex and concave lens will minimize the 

spherical aberration. 

(6)Lens Splitting: Another technique 

called “lens splitting” is when a single 

lens is split into multiple lenses in close 

proximity that have a total power of the 

original single lens. This is effective 

because SA is highly dependent on angle 

of incidence, therefore if the lens can be 

split into multiple lenses, we can 

decrease the angles of incidence while 

keeping the same power. Figure 6 shows 

an example of lens bending and splitting. 
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Since SA varies with the cube of the 

entrance pupil diameter, stopping down 

the lens will greatly reduce SA. 

Changing the glass type to one with a 

higher index can help reduce the 

curvature needed to bend the light and 

thereby reduce SA. 

If the lens needs additional correction, 

making the lens aspherical can further 

reduce SA. Lens designers can use 

combinations of these techniques and 

more to achieve the level of correction 

needed.  

 
 

Fig 6 SA Reduction by Lens Bending and 

Splitting 

CONCLUSION AND DISCUSSIONS: 
even though we list those aberrations for my 

part, they typically occur in combos. most 

lenses have all of the above aberrations, in 

addition to chromatic version of the 

monochromatic aberration (e.g. the round 

aberration in crimson isn't like the spherical 

aberration in blue). in the case of concave 

lens the round aberration is taken to be 

terrible because the marginal picture is 

fashioned to the proper aspect of the paraxial 

image. 
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