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THE DESIGN AND DEVELOPMENT OF A ZOOM LENS OBJECTIVE 

FOR THE FAST BREEDER TEST REACTOR PERISCOPE 

N C Das, D V Udvpa and R P Shukla 

Abstract 

A throe lens optically compensated zoom lens useful for the S meter long periscope in the 

Fast Breeder Test Reactor (FBTR) has been designed, fabricated and tested. The zoom lens 

fabricated using radiation resistant glasses has a zoom ratio of 2.5 with a focal length range of 

100 mm to 2S0 mm. The zoom lens objective has been designed for viewing the objects kept 

at a distance in the range of 1.5 m to 3 m from the objective lens. It is found that the zoom 

lens objective can be used for resolving objects with a linear resolution of 0.2 mm inside the 

reactor when viewed with an eye piece of focal length 50 mm. 



The Design and Development of a Zoom Lens Objective for the Fast 

Breeder Test Reactor Periscope 

1. Introduction 

The Fast Breeder Test Reactor (FBTR) at Indira Gandhi Centre for Atomic Research 

will have a 5 meter long periscope for the visual inspection and recording of the objects kept 

inside the reactor. The objective lens of this periscope will consist of a zoom lens system 

which has a continuously variable focal length from 100 mm to 250 mm. This will provide 

for a continuously variable magnification from 2X to 5X when viewed with an eyepiece of 

focal length SO mm. We have designed and developed a zoom lens objective with an aperture 

of f712 and a maximum semi-field angle of 6 arc-degrees for this purpose using radiation 

resistant glasses This article describes the design method used for initial thin lens design, 

aberration evaluation and aberration correction of the zoom lens system. 

2. Zoom lens principle 

The property of a zoom lens system is to vary the effective focal length as one or 

more lenses are moved without allowing the image plane to be displaced for a given (fixed) 

object distance. The continuously variable focal length of the system results in continuous 

variation of the magnification of the image, which is the zooming effect The ratio of 

maximum focal length to that of minimum focal length in the zoom system is called as the 

zoom ratio (R). The variation of the magnification results in the variation of the maximum 

field angle in the same zoom ratio (R). There are several ways [1] in which a zoom lens can 

be made. The zoom lens can be broadly classified in to two kinds: 

( 1 ) Mechanically compensated 

(2) Optically compensated. 

When one or more lenses in a zoom lens system are displaced to vary the effective focal 

length, there is an unavoidable shift of the image plane In a mechanically compensated zoom 

system, this shift of the image plane is compensated by moving another lens or a set of lenses 

so that the image plane position is maintained. The relative distances between the movable 

lenses are also changed during zooming. The movement of the lenses with respect to each 



other and with respect to the image plane during zooming is generally non-linear in nature 

and therefore a mechanical arrangement for such movements has to be designed separately. 

In an optically compensated zoom lens system, the image shift due to the movement 

of one lens element is optically compensated by moving another lens element by the same 

amount. A single movement mechanism is used to move a set of lenses, which are held at a 

fixed distance with respect to each other. This makes the mechanical arrangement for the lens 

movement much simple since the movable lens elements are coupled to each other with • 

fixed distance between them We have designed a three lens optically compensated zoom 

system with a zoom ratio of 2.5 for the periscope. The optically compensated type of the 

zoom lens system is chosen because of the simplicity of the movement mechanism and die 

ease of fabrication 

3. Thin lens design 

In any optically compensated zoom lens system, there is a residual longitudinal image 

movement with respect to a fixed reference image plane position during zooming. For a three 

lens system, it can be shown that [2] there can be at the most three positions of zoom where 

the image displacement is zero for an object at infinity. This is known as three-point 

compensation. The initial thin lens design is done by calculating the lens power 

combinations, which give a zero image shift for the two extreme zoom positions and one 

central position 

Fig 1. shows the schematic optical layout of a three lens optically compensated zoom 

lens system. The two outer positive lenses L| and L3 are movable together longitudinally but 

are held at a fixed separation with respect to each other. The middle lens L2 is a fixed lens. 

The aperture stop is placed just beiiind the lens L2 The power combinations of the three 

lenses are calculated such that we achieve zero image displacement from a reference image 

plane at three symmetrical positions of zoom. 

Referring to Fig. 1, points f| and f2 are the image side focal points of the lenses Li and 

L2 respectively. Points fc' and fy are the object side focal points of the lenses L2 and L3 

respectively. X is the distance between the focal points f | and f2- Y is the distance between 

the focal points f2 ' and fy Fj, F2 and F3 are the focal lengths of the lenses Lj, Li and L3 



respectively By using the paraxial ray trace method [3], the initial focal length (F) of the 

combined lens system is given by 

- FF F 
F f 1 2 3

 v (1) 

Following the reference [3] the various relations used in the design of zoom lens for a zoom 

ratio (R) are given below 

y * ' ( * - ! ) + * ( * - S ) - 6 

Fl = *-±±(XR-X-2) (3) 
R - l 

rJ _ 2+X + XR 
1 ~R-\ (2+X-XRf K ) 

F ^ X + 4 - F t (5) 

di=Fi+Fi+r (6) 

where the total movement of the coupled lenses L| and L3 is taken to be 2 0 units between 

the two extreme end points of optical compensation. The optical compensation is at three 

points correspondit^ to the lens movement of 0.0, 1.0 and 2.0 units respectively. 

The solutions to the Eqs. (2), (3) and (4) for a given value of R must satisfy the 

following inequality : 

( F 2 + F , + r ) > 0 (7) 

where (F2+F3+Y) is the distance between second and third lens. 

For a zoom ratio R = 2.5, we obtain X < 3.2 units by solving Eqs. (2) to (6). This 

value of X < 3 .2 units satisfies the inequality (7). 

For designing of the zoom lens system we have chosen the following specifications: 

The focal length range is from 100 mm to 250 mm and the distance Di between the 

lenses L] and L2 is chosen to be 60 mm for an effective focal length of 250 mm. The total 

movement of 2.0 units correspond to 60 mm, giving the possible X values as X < 64 mm. 

Based on Eqs. (1) to (6) we have designed the zoom lens for a zoom ratio R = 2.5. 

Table 1 shows the list of seven possible power combinations of the three lenses and the 

corresponding distances between the lens L2 and L3 for a three lens optically compensated 

zoom lens system. It may be noted from Table 1 that the overall length of zoom system 



(D| +D2) increases as X decreases The next step is to calculate the aberrations of all seven 

designs listed in Table I The choice of the proper thin lens design is to be made from Table 1 

based on the minimum aberrations 

The powers of the lenses shown in Table 1 correspond to a zoom lens system, which 

has optical compensation for image movement for an object at infinity For a finite object 

distance, the distance (D1+D2) has to be increased so that a three point optical compensation 

is still maintained 

4. Thick lens design 

The initial thin lens design of each dement is done by using shape factors of 0.1 for all 

lenses and taking lens thickness to be zero. A practical thickness is then added to the lenses 

while maintaining the lens power and the object image conjugate distances. When a lens is 

thickened, the two principal planes of the lens gets separated and shifted This results in die 

change of the object and image conjugate distances. There is also a slight change in the focal 

length To correct these changes, the curvatures of the lens have to be modified. The 

modification in curvature is made such that the refraction of a paraxial ray at each lens 

surface of the thick k*ns is the same as it is in the case of the thin lens design. This method 

has been described earlier in detail in reference [4], The thickness of the lenses are chosen 

such that the minimum center thickness for the concave lens is 1.0 mm and the minimum 

edge thickness of the convex lens is 1 0 mm. The distance between the lenses L| and L2 and 

the distance between the lenses L2 and L3 are modified so that the distances between the 

principal planes of the two neighboring lenses are maintained to the thin lens design values. 

5. Design considerations and the optical aberrations 

The glass materials used for the lenses are chosen to be radiation-stabilized glasses, 

which can withstand radiation doses of up to 10* radon without significant darkening. The 

cementing of the optical lenses has been avoided in order to eliminate any chances of 

darkening of the cementing material in the presence of ionizing radiation. 

The important optical aberrations to be considered for correction in an imaging 

system are chromatic aberration, spherical aberration, coma, astigmatism, field curvature and 

distortion. Since there are displacements of several lenses to achieve zooming in a zoom lens, 

the optical aberration of the lens system will not remain constant for the entire zoom range 



We have therefore designed the zoom lens system such that it has lowest aberrations at the 

centre of the zoom range and has a minimum possible change of aberrations at the two 

extreme ends of the zoom range 

S.l Chromatic aberratio« 

The chromatic aberration of the zoom lens system is corrected by correcting the 

chromatic aberration of each of the three lenses We have chosen the air spaced doublet 

combination of crown and flint radiation resistant glasses for achromatization. Based on our 

experience in lens designing, the air separation between the two lenses in the doublet is 

chosen to be 0.5 mm. 

Following reference [5], we write the following equations for an achromat with thin 

lenses in contact: 

<!>, +4>2 =<!> (8) 

d > < r> 

= c (9) 
V V rl 2 

where 4>| and <I>2 are the powers of crown and flint lenses respectively, <J> is the combined 

power for the two lenses, Vj and V2 are the Abbe number of the crown and flint glasses 

respectively and C is the chromatic residual. Taking C = 0.0, the powers of each component 

of the three doublet lenses L(, L2 and L3 are calculated by solving equations (8) and (9). 

The contribution to the longitudinal and transverse chromatic aberration of each 

doublet lens and the total longitudinal and transverse chromatic aberration are calculated by 

paraxial ray tracing [6] It is necessary to trace an axial ray and a principal ray through the 

zoom lens system for calculating the longitudinal and transverse chromatic aberration. 

The longitudinal chromatic aberration (Lch) is given by 

A ^ i Z O ^ - J V ^ - . ) * , (10) 
" 1 

where y is the height of intersection of the axial ray on the surface from the optical axis, i is 

the angle of incidence of the axial ray on each surface, dn is the difference in refractive index 

for F and C wavelengths in the material to the right of the surface, u' is the angle made by the 

ray to the optical axis on emerging from the last surface and j is the surface number. The 

summation is carried out on all the surfaces. 



The transverse chromatic aberration (Tch) is given by 

( i d 

where I is the angle of incidence of the principal ray on each surface and the summation is 

carried out on all the surfaces 

Since Eq (8) and Eq (9) are strictly satisfied only for thin lenses, the thick lens wilt 

have a small residual chromatic aberration. The small residual longitudinal chromatic 

aberration (Lch) present in each doublet lens is made zero by putting a small non zero values 

to the residues (C) and computing the power distribution of the crown and flint lenses. 

5.2 Field curvature 

The curvature of the image plane is an important consideration in an imaging system. 

The zoom lens system is designed to have a nearly flat field at the focal length F * 175 mm. 

It can be shown that the field curvature [7, 8] of an optical system is independent of the 

object and the image distances and it is flat when the Petzval sum is zero. The Petzval sum [7, 

8] for a lens system is given by: 

Where P is the Petzval sum, n' is the image side refractive index, n is the object side 

refractive index, rj is the radius of curvature of the i* surface and N is the total number of 

surfaces 

zoom lens system no. 5) which has a lower Petzval sum and sufficiently large I>2 for a 

practical design. 

5.3 Spherical aberration and coma 

The spherical aberration of the lens system is minimized by reducing the contribution 

to spherical aberration by each lens dement. The spherical aberration and coma of a lens can 

be modified by changing the shape factor (S) of the lens [9]. This method is known as lens 

bending [10], The shape factor of a lens is given by 

(12) 

We have chosen the thin lens design corresponding to X = 3.1 from the Table 1 (see 



s J c l -cl ' 

U 
(13) 

•i / 

Where ci and C2 are the two radii of curvatures of the lens. 

6. Computation of nonochroaatic aberratio«« 

The optical ray aberrations can be written down in terms of a polynomial expression 

[11J P(p,8, H) where (p,0) are the polar co-ordinates of the ray intersection with the first 

surface of the optical system and H = tan Up where Up is the angle of the principal ray with 

the optical axis. The terms in the polynomial P are divided into third order, fifth order and 

seventh order terms depending on the degree in each term 

The third order polynomial [11] is written as 

e(
t
n=<r, cos Op' + ct2(2 + co%20)p2H +(3ct3 + ot)cosOpH2 + ct,/T 

= a , sin ffp" + CT j sin Wp2H + (CT3 + CT4 )sin OpH2 

where e(3) is the third order ray aberration and Oi, 02, <*», cr< and 03 are third order aberration 

coefficients 

The fifth order polynomial [11] is written as 

s(„S) - ji, cosOp* + ^ c o s 2 8 ) p * H + (/i4 + /iÄcos20)cos0p'//2 + (/i7 +/ i ,cos20)p 2H ] 

+ pwcos0pH4 + 

e'f = px sin 0ps + if, sin 2dp*H + (p5 + p6 cos2 0)sinOp*H2 + ^s in 26p1 H1 + pu sin6pH* 

where e(5> is the fifth order ray aberration and Hi, Hi, P12 are the fifth order aberration 

coefficients. 

The seventh order polynomial [11] is written as 

= r,cos Bp7 + (r2 + r , c o s 2 0 ) / / / / + ( r 4 +r6cos20)cos0p , /Z2 

+ (r7 +Ttco$29 + rwcos40)p*Hi + ( r n + r)2 cos2 0)cos0/>'//4 + (r„ +r16cos20)p2H* 

+ r„ cosOpH6 + Tjo//7 

e(2) = r, sin Op1 + r, sin 2Op*H + (r, + t6 cos2 0)sin Op* H1 + (r9 sin 20 + r10 sin AO)p*Hi 

+ (r„ + rM cos2 0 )sin Op* H* + r n sin 2£p2H> + r)9 sin OpH6 

where e<7) is the seventh order ray aberration and ti, ta, ... T12 are the seventh order 

aberration coefficients. 



The third, fifth and the seventh order aberration coefficients are computed by tracing a 

paraxial axial ray from the axial object point and a paraxial principal ray from the off-axis 

object point through the zoom lens system normalized to unit focal length The axial ray is 

traced with the ray intersection height (yi) =1.0 on the first surface. The principal ray is 

traced for a field angle corresponding to H - 1 and taking 0 = O We follow the method of 

computing the various aberrations from the ray trace data given in reference [12, 13], 

7. Design Procedure 

The optical design procedure consists of correcting the chromatic aberration and the 

monochromatic aberrations 

7.1 Correction of chromatic aberration 

We have used the following type of radiation resistant [14] glasses for the connection 

of chromat'c aberration 

Glass type BK7 G25 nf -riç = 0.0083 

n<j -= 1 519% 

V value = 63.03 
nh -« , 

Glass type F2 G20 n f - r^ = 0 0170 

nd = 1 62128 

V value = " J ~ l = 36.61 
nF - n c 

where nf and ry are the refractive indices of the glass for the wavelengths 486.13 nm, 

656.27 nm and 587 56 nm respectively. 

7.2 Correction of monochromatic aberrations 

The monochromatic aberrations of the zoom lens system changes during zooming 

because of the movement of the lens elements Lj and L3. Since it is not possible to reduce the 

aberrations to zero in any practical lens system, the zoom lens system has to be designed so 

that the aberrations are minimum over the entire zoom range. The aberrations are corrected in 

the middle of the zoom which corresponds to F = 175 mm and the aberrations at the two 

extremes of the zoom corresponding to F = 100 mm and F = 250 mm are studied. Using the 



three shape factors of the three doublet lenses L|, Li and L3 as the variable design 

parameters, the aberrations are minimized in the entire zoom range 

A computer program has been written in C computer language, which computes the 

lens design parameters for an initial thin lens design and then calculates the third, fifth and 

seventh order aberration coefficients The program uses a shape factor of 0.1 for the three 

lenses. It calculates the powers of each of the components of the achromatic doublet lenses 

for a total focal length of unity The program then does the lens thickening' where finite 

thickness is added to each of the lenses while maintaining its focal length and principal 

points The longitudinal chromatic aberration of each achromat and total longitudinal 

chromatic aberration of the whole system are calculated by Eq 10 The chromatic residuals C 

for each doublet lens are then adjusted such that total longitudinal chromatic aberration of the 

whole lens system (i e., L|, L2 and 1.3) is nearly zero The spherical aberration coefficients 

are calculated up to seventh order by tracing an axial ray and principal ray as described in the 

reference [12] The comatic aberration coefficients are calculated up to fifth order by tracing 

the axial and the principal ray [13] In addition astigmatism, field curvature and distortion 

coefficients are computed by tracing an axial and a principal ray [13] The graphs of spherical 

aberration are plotted for various zoom settings to study the variation of spherical aberration 

The graphs of tangential and sagittal field curvature versus the field angle are plotted for 

studying the field curvature A graph of coma versus the focal length of the zoom system is 

also plotted 

7.3 Aberration optimization 

The achromatic doublet consists of two elements. The optimization of the aberrations 

is usually done by changing the shape factors of the lenses. The only design parameter 

available for optimization is the shape factor of the first element of the achromatic doublet 

The curvatures of the second element of the doublet lens get adjusted for maintaining the 

chromatic aberration correction condition and the power. By this method, the optimization of 

the aberrations is done for all three lenses L|, L? and L3 combined together. The choice of 

the three shape factors corresponding to the three lenses are based on optimization of 

aberrations in the zoom lens at the central focal length of F = 17S mm. The contribution to 

the third order spherical aberration by each of the lenses at a maximum aperture is first 



minimized by changing the shape factors of the lenses Since the change in the shape factors 

also upset the chromatic aberration correction, the chromatic residues (C) are readjusted so 

that the longitudinal chromatic abenations of the lenses are nearly zero The residual total 

spherical aberration in the system at F = 175 mm is corrected by slightly overcorrecting the 

spherical aberration in the first element. The field curvature is then reduced by bending the 

lenses L2 and L3 at the cost of an overall slight increase in spherical aberration and coma. 

8. Design results and discussions 

Based on thin lens design, we have designed a zoom lens of focal length variable from 

100 mm to 250 mm and obtained the following design parameters: 

Focal length of lens Li = Fj * 175 mm, focal length of lens L2 = F2 = -59 mm and focal 

length of lens L3 = F3 = 77 mm. Separation between the lenses Li and L3 = D = 78 mm for 

an object at a distance of 2 meters from the lens L2. The image plane is at a distance of 220.2 

mm from the lens L2 

Fig. 2 show; the schematic optical layout of the designed zoom lens system to obtain 

the two extreme focal lengths of F = 100 mm and F = 250 mm. Fig. 3a shows variation of the 

focal length with zoom movement of the coupled thin lenses Lj and L3. The zero zoom 

position corresponds to a focal length of 250 mm. Fig. 3b shows the variation of longitudinal 

displacement of the image from the image plane with zoom movement of the coupled thin 

lenses Lj and L3. The reference image plane corresponds to the image plane for F = 250 mm. 

Fig. 3c shows a plot of longitudinal displacement of the image versus focal length of the 

zoom system. 

Using Eqs. (8) and (9) we have obtained the following design parameters for 

achromatization of the lens L| : 

<t> = 5.7143 X 10*3 nun"1, $1 = 13.6325 X10"3 mm*1 and fc= - 7.9182 X 10*3 mm"1. 

The design parameters for the lens L2 : 

• « - 16.9492 X 10° mm"1, = - 40.4354 X 10"3 mm"1 and <J>2 = 23.4863 X 10"3 mm"1. 

The design parameters for the lens L3 : 

* = 12 9870 X 10"3 mm"', 4-1 = 30.9830 X 10"3 mm"1 and fc - - 17.9960 X 10"3 mm"1. 

The various aberrations are calculated after adding finite thicknesses to the lenses Li, 

L2 and L3 as described in section 4 Fig. 4 shows a plot of spherical aberration for the three 



focal lengths of the zoom lens before optimization Fig 5 shows plots of tangential and 

sagittal field curvature versus the field angle for the diffèrent focal lengths of the zoom lens 

before optimization Fig 6 shows the plot of coma versus focal length of the zoom lens 

before optimization We have taken the shape factor of 0.1 for all three lenses for the 

computation required for plotting the curves shown in Fig. 4, Fig. S and Fig. 6 

The optimization of optical aberrations as described in section 7 has given the shape 

factors of the three lenses L|, L2 and L3 as Sj = - 0 18, S2 = 0 12 and S3 = -0.33 

respectively 

The various normalized aberration coefficients after optimization for focal length F = 

17S mm and for an object distance of 2 m have been calculated by the procedure given in 

reference (12, 13] and are summarized below: 

Third order aberration coefficients: 

01 - - 2.8960.02 = 6 9724,03 = - 0 1292, 04 = 0 0883, and 05 = - 0 3898 

Fifth order aberration coefficients: 

pi - 1325 439, H2 3 - 9 3 4641, n3 = - 2 9 2033, m = 543 0649, |i9 « 170.6604, H6 -

373.7625. n 7 = - 160 0788, jig = -108.0685, n 9 - - 53.7332. mo = 48,6291, Mil " 7.9276 

and M12 = - 3 8249 

Seventh order aberration coefficient: 

T| =298679 4 

The f-number of the system (01) = 12 5 The maximum normalized aperture Pmax = 

0 5 / f# = 0.04. For F = 175, the maximum total longitudinal spherical aberration (LSA) = -
.4 

0 4022 X 10 corresponding to the zone of p - 0.0316. 

The various off-axis ray aberrations for a field angle of 8.5 degrees is summarized 

below 

coma = 22.87 X 10~3, tangential astigmatism = 67.7 X 10*6, sagittal astigmatism » 6.4 X 
3 3 

10 , distortion - 0.1686 X 10* , tangential field curvature = -0 176 X 10" and sagittal field 

curvature = 0 01658 X 10"3 

Fig. 7 shows a plot of spherical aberration for the three focal lengths of the zoom lens 

after optimization. Fig. 8 shows a plot of tangential and sagittal field curvature verms the 

field angle for the different focal lengths of the zoom lens after optimization. Fig. 9 shows the 

plot of coma versus the focal length of the zoom lens after optimization. 



It is observed from the plots of Fig. 4 and Fig. 7 that the longitudinal spherical 

aberration is well corrected for F » 175 mm and the overall spherical aberration is much 

lower than it is before optimization in the entire focal length range of F = 100 mm to F = 250 

am The plots of Fig 5 and Fig 8 show that the field is nearly flat for F » 175 mm whereas it 

is curved in the opposite directions for the two extreme focal lengths of F = 100 mm and F « 

250 mm The curvature of the field is also reduced by nearly 3 times from the corresponding 

values before optimization It is observed from the plots of Fig 6 and Fig 9 that the variation 

of coma is linear in the zoom range and the comatic aberration is reduced to nearly half the 

corresponding values before optimization 

Table 2 gives the final optical design parameters of the zoom lens system The plots 

of image displacement versus zoom movement for different object distances of 2 m, 1 5m and 

3 m from the central fixed lens are shown in Fig. 10 The maximum image movements are 10 

mm, I 7 mm and 14 mm for the object distances of 15 m, 2 m and 3 m respectively These 

residual image movements can be accommodated easily by slight movement of the eyepiece 

while viewing the object 

9. Optical assembly and testing 

The zoom lens elements were fabricated as per our design and assembled in a 

mechanical mount The mechanical mount has a provision for longitudinally moving the 

outer two positive lenses for a total travel length of 51 mm while holding the central lens at a 

fixed position. Fig 11 shows the mechanical drawing of the zoom lens mount. The resolution 

of the zoom lens has been measured in the optics laboratory. Target objects are formed by 

drawing equidistant parallel lines on a white paper. The target object is kept at a distance of 2 

m from the zoom lens objective as shown in Fig. 12. The image of the object formed by the 

objective is observed through an eyepiece of focal length 50 mm placed behind the image 

plane of the zoom lens objective. The zoom effect is verified by moving the coupled lenses in 

the objective to get a variable magnification of 2X to 5X. It is found that a target object 

having lines of 0.2 ram thickness and 0.2 mm separation is clearly resolved with a 

magnification of SX whereas a target object having lines of 0.5 mm thickness and 0.5 mm 

separation is clearly resolved with a magnification of 2X. The maximum defocus of the 



primary image caused by movement of the coupled lens Li and L3 in the zoom range of 2X 

to SX is found to be 5 mm which is well with in the focusing range of the eye piece. 

10. Conclusion 

An optically compensated zoom lens objective using radiation stabilized glasses has 

been designed and developed for use as an objective in the FBTR periscope. The zoom lens 

has an aperture of f/12.5. The zoom lens has a maximum total field of 12° for zoom ratio of 

2.5. The focal length of the zoom lens varies from F = 100 mm to F = 250 mm. This zoom 

lens will provide a magnification ranging from 2X to 5X when viewed with an eye piece of 

focal length 50 mm in the periscope. The aberration properties of the zoom lens system have 

been studied for an object distance of 2 m. All the aberrations have been minimized in the 

entire focal length range by the proper choice of the design parameters. The designed zoom 

lens has been fabricated and tested for the linear resolution in the optics laboratory. The tests 

indicate that the zoom lens objective is functioning well as per design and has the capacity of 

resolving the targets of frequency 2 lines/mm to 5 lines/mm. 
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Table 1: List of possible power combinations of the three lens elements in an optically 

compensated zoom lens system with a zoom ratio (R) = 2.5 and the object at infinity. The 

compensation is achieved at three positions symmetrically for F = 100 mm, F = 175 mm and 

F = 250 mm The distance Dj = 60 mm for all the cases. 

Zoom lens X Fi F2 Fa I>2 

system (mm) (mm) (mm) (mm) (mm) 

1 58 167 -49 77 33.0 

2 59 170 -51 75 27.0 

3 60 172 -52 73 21.0 

4 61 174 -53 71 16.1 

5 62 176 -54 70 11.0 

6 63 178 -55 68 6.0 

7 64 180 -56 67 1.3 



Table 2: Optical design parameters of the zoom lens system 

Surface Radias of 

carvature 

Axial 

Thickness/ 

Separation 

N4 Glass type Diameter Clear 

Aperture 

1 920 

30 1 51996 BK7 G 25 20.0 160 

2 -62.6 

0.5 100 AIR 

3 -626 

2.0 1.62128 F2G20 200 160 

4 -380.2 

7 0 - 58 0 1.00 AIR 

5 -170.6 

3.0 1.62128 F2G20 200 16.0 

6 -239 

0.5 1.00 AIR 

7 -23.9 

2.0 1.51996 BK7G25 200 16.0 

8 29.0 

8.1-59.1 1 00 AIR 

9 92.9 

1.0 1.62128 F2G20 20.0 16.0 

10 23.6 

0.5 1.00 AIR 

11 23.7 

5.0 1.51996 BK7 G 25 200 160 
12 -50.0 
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5. 1. Schematic optical thin lois layout of a three lens optically compensated zoom lens system. The two outer positive lenses L[ and L3 are 
>vabie together longitudinally but are held at a fixed separation with respect to each other The middle lens L2 is a fixed lois. The aperture 
>p is placed just behind the lens L2 The focal length of the system is changed by longitudinal displacement of the coupled lenses Lj and L3 
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Fig. 2 Schematic optical layout of the designed zoom lens system. The lens LI and L3 are 

coupled together with a séparation of 83 5 mm. The middle lens L2 is fixed The top layout 

shows the position of the lens LI and L3 to obtain a focal length F = 250 mm. The bottom 

layout shows the position ofthelens LI and L3 to obtain a focal lengthF= 100 mm 
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Fig. 3a. Plot showing the variation of focal length with zoom movement of the coupled thin 
lenses LI and L3. The zero zoom position corresponds to a focal length of250 mm. 
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Image movement (mm) 

Zoom movement (mm) 

Fig 3b. Plot showing the variation of longitudinal displacement of the image from the image plane 
with movement of the coupled thin lenses L, and L,. The reference plane corresponds to the 
image plane for F « 250 mm. 
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Image movement (mm) 

Focal length (mm) 

Fig 3c. Plot showing the variation of longitudinal displacement of the image from the image plan 
with focal length of the thin lens zoom system. The reference plane corresponds to the image plan 
for F - 250 mm. 
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Normalized aperture (p) 

Normalized Longitudinal S. A. (X104) 

Fig.4 Plots of spherical aberration for three focal lengths of the zoom lens 
before optimization. The shape factors for all three lenses are 0 1. 
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F=175 mm 

Tangential field 
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Normalized fields 

(C) 
Fig 5.Plot of tangential and sagittal field curvature versus the field angle for the different focal lengths of the zoom lens before optimization 
The shape factors for all three lenses are 0.1 



Maximum Coma 

Fig 6 Plot of coma versus focal length of the zoom lens before optimization. 
The shape factors for all three lenses are 0.1 
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Fig. 7. Plots of spherical aberration for three focal lengths of the zoom lens 
after optimization 
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Normalized fields Normalized fields Normalized fields 

(a) (b) (c) 
Fig. 8. Plot of tangential aid sagittal field curvature versus the field angle for the different focal lengths of the zoom lens after optimization. 



Maximum Coma 

Fig.9. Plot of coma versus focal length of the zoom lens after optimization. 
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Fig. 10. Plot of the image displacement versus zoom movement for different 
object distances of 2 m, 1.5 m and 3 m from the central fixed lens. 
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Fig. 11. Mechanical drawing of the zoom tens mount. The zooming is obtained by moving the inner band, which holds die movable 
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Fig. 12 Schematic optical diagram showing the experimental arrangement for measuring 

l u w resolution of the zoom lens objective Hie target object is kept at a distance of 2 meter 

from the zoom lens. 
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