4. Optical Instruments

1)1 Discuss the need for a multiple lens eyepiece.
(DDU-1996,2003,2015,2017)

Solution. Need for a Multiple-Lens Eyepiece: We have already shown how
e ticld of view is governed by the eyepiece. A single eyelens subtending a
lwipe angle at the exit pupil would involve considerable aberrations. By using’
multiple lems eyepieces we therefore achieve two purpose.

e @ B gfe & e yor e gro Faifa aiar 31 3l
v UES 3 oFg e gRe uR 9gd 99T 1o g9 ar gfafde #
Wb fauers 3w SRR | Sga o AfFST BT [STEET B | e Q@
TR (s - . ,

(a) Enlarging the field of view: The field lens of the eyepiece effectively
jnmhes the eyelens closer to the exit pupil, so as to enlarge the angle subtended.
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(b) Minimisation of aberrations: Firstly, the deviations of rays are divided
nver large number of surfaces, so that spherical aberration is minimised. Secondly,
lor a separated doublet chromatic aberration can be reduced to zero or considerably
minimised without involving different materials for the lenses.
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In fig. we show the general function of an eyepiece. In the two-lens
cyepiece the one nearer the eye is called eye lens, the other is called field lens.
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To understand the functions (a) and (b) cited above, let us take up the case
of Ramsedn’s eyepiece. If £7,= f’,= 4.5 cm, the focal length of the combination
comes to 3.4 cm and distance of F’ from the eyelens is 11cm. This means that
for a given aperture of eyelens the angle 6, obtained in the two-lens eyepiece
is 3 times larger than that obtainable by using a single lens of equivalent focal
length and same aperture. Thus the field of view is considerably enlarged.
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I'he use of two separated Ienses also reduces the chromatic and spheri
abcrrations as compared with a single lens.

Question 2. (a) What is an eyepiece and what are its advantage ovel
single lens of equivalent focal length? (20

Describe the construction, theory and working of Huygns’ eyepiece al
show that it satisfies the conditions of minimum spherical and chorma;
aberrations. _ (2014,201

(b) Could Huygens’ eyepiece be used to see the lines on your palm
Justify your answer:

Solution. (a) Eyepiece: An eyepiece is a specially-designed magnifier whi
gives a more perfect image than that obtained by a single lens of equal fog
length. it is used in telescopes and micrascopes to magnify the image formed b
the objective.
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Construction: An eyepiece consists of a combination of two convergin
lenses separated by a distance. The lens which is towards the objective is calle
the ‘field-lens’ and that which is towards the eye -lens and their separation ar
such as to minimise chormatic and spherical aberrations. To further reduc
spherical aberration each lens is made plano-convex, and the convex side face
the incident or emergent beam whichever is more paraliel to the axis.
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Advantages over a Single Lens: A single convex lens used as a magnifier
suffers from two main defects:
Imsge formed Singledens
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‘(1) The magintied 1mag¢ produced is not free from the chromatic and the
Jhencal aberrations. .
(ii) The field of view is small, as seen from Fig. The ray from the outer parts
i the image 1 formed by the objective, after passing through the singie lens do
. enter the eye placed close to the lens. Hence these parts of 1 are not seen
nly the central part near the axis is seen.)

The eyepiece is free from both these defects. The aberrations are reduced

v properly choosing the focal lengths and separcation for the field-lens and the

.« lens. Further, the field-lens increases the field of view as seen fromn Fig. The

vy from the outer parts of the image I are bent towards the axis by the field-

s and afier passing through the eve-lens, enter the eye. Hence whole of the
e T s seen.
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Huygen’s Eyepiece: It consists of two plano- convex lenses of focal length
I and { respectively separted by a distance 2f, with convex sidés facing the
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For a cambination of two lenses of focal jengths f; and f, to be achromatic,
he distance apart should be

d= £+ £

2
and for minimum spherical aberration
d = fl-"f? .

Substituting f; = +3f and f; = +f in either condition we get d = 2f. Hence
he eyepiece is free from both the chromatic and the spherical aberrtion.



Wiiking: 1 he eyepiece torms the final image at infinity. Hence the ima
L boved by the tield Jens lies in the first focal plane of the eye-lens. Now, t
Woses | tonmed by the objective serves as object for the field-lens. if its distan

C il pield-lens (whose focal length is 3f) is u, then from the formt
| | | 1 1 1 1 1 1 2
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~ This shows that the image 1; due to the objective lies on the same sid
of the field-lens as the image I,. Hence a parallal beam falling on the objectiy
converges towards I;. but is intercepted by the field-lens and brought to foct
at I,. The rays proceeding form I, emerges from the eye-lens as a parallal bean

Position of the Cross-wires: Cross -wires must be placed in the positio
of the real imge I2, midway between the field- lens and the eye-lens.* In Huyge 1§
eyepiece, hower, cross-wires are not proided.

Focal Length: The focal length of the equivalent lens is given by
: ~__ £%
T f #f,~d’

Here f* = + 3f, f. = + f, d =2f.
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The equivalent lens must be placed at a distance f behind the eye-let]

so that I; falls in its focal plane and it forms the final image at infinity (as t
actual eyepiece doses).

(b) Can Huygens’ eyepiece be ued to see our plam ?: No. The first foi
plane of the Huygens’ eyepiece falls within the eyepiece, where no real objg
can be placed. This eyepiece can used only for seeing image formed by objectiy
~ of telescope and microscope.

Ramsden’s eyepiece alone can be used as magnifier, its first focal plane 1
outside the eyepiece.
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Question .3. Give the construction, theory and uses of 2 Ramsde

eyepiece. Discuss the relative merits and demerits of Huygens’ and Ramsde
eyepieces. (96, 99, 2000, 2004,2006,2011,2013,20

Solution. Ramsden’s Eyepiece: It consists of twq plano-convex lenses e

2 .
of focal length fseperated by a distance f. with convex sides facing each ot
(fig. R). '
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The condition of achromatism requires the distance between the two lenses
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plane of the eye-lens. In this position any scratch or dust particle on the field-
lens would be magnified and the final image will be confused. The distance

2 )
between them is therfore kept as*_;;f (a little less thean f) and yet the departure

from achromatism is not large. The spherical aberration is also diminished by
making both lenses plano-covex, the convex surfaces facing each other.

= f. This means that the field-lens should be in the focal

Field Lens pe- 2f - Eye Lens
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Working: The eyeplece when adjusted for normal vision fo,rms the final
image at infinity. hence the image T formed by the field-lens lies in the first focal
plane of the eye-lens. The focal length of the eye-lens is f/ and the distance

2
between the field-lens is Ef Thus I lies at a distance f/3 infront the field-lens.

if distance from the field-field-lens (whose focal length is f) is u, then from the

lens formula '—:;-—-if =%, we have
i 1 1
"f/3 u
3 v 3. 24 4
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This shows real image b due to the objective lies infornt the ficld-lens.
_ Position of the Cross-wires: The cross-wires, or the micre-imeter scale, are
placed in the position of the real image 1 i. e. at a distance f4 infront the field:
lens. It magnifies equally both the image I' and the scale placed there. Henc
accurate measurements can be taken.

Focal Length: The focal lehgth Fof the equivalent lens is given by
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The equivalent lens must be placed at a distance /2 behind the field-lens
so that /) falls in its focal plance and it forms the final image at infinity (as th
ectual eyepiece does.) :

Question 4 : Describe a double image prism and explain its working
Mechaniso. ‘ (2006)

Amnswer: The prism which gives double image of a single object is calle
double image prism. the construction and working of a double. Pochon. Prism
is Given below. y
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Construction and working : It Consists of
two prism ABC and BCD cut with their optic axis
as shown above. The prisin ABC is cut such that
the optic axis is paralled to the face. AB and the
incident light. The prism BCD has the optic axis
perpendicular to the plane of incidence.

light incident Normally on the face AC of
the prisin passes undeviated uptc ... boundary :
BC. In the prismm BCD the ordinary ray passes 3
undeviated. It the prism are made of quariz, the
extra ordinary ray deviated as shown. the prism ABC and BCD are comentec
togather by glycerine or Castor oil. the ordinary emergent beam is achromati
where as the extra ordinary beam is chromatic. :
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their eurved surfaces facing each other: find the value of d is :

) 6 Compare Ramsien's Eyepwce amdtHuygen's Eyepiece.
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Question S : A Ramsden's eye piece-Consists of tw6 plano Convex. lenses
i equal focal length f. The two lenses axe placed at distance d apart by keeping

Answer : In this case f=F
' 111 ¢
Therefore F f;
1 1 1 d
e i - e
F f f &
1 f4f-d
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Belaviive Merits and Demerits

£i1

(2006)
f,=f
N/
e
F

(2007)

Huygen’s Eyepiece

Ramsden’s Eyepiece

A

W

0.

It satisfies the condition off
anhromatism completely.

It satisfies the condition of mini-
mum sperical aberration d=fi- fz,
and so this aberration is small.

The cross-wires, if used, are to
be placed midway between the:
two lenses. This involves me-
chanical difficulty.

As the cross- wires are fixed in--
side the eyepiece, the. eyepiece
is permanently adjustcd for per-
sons of normal vision only.

micrometer scale in place of the:
cross-wires for measurement pur-
poses because the image and the:
scale will be unequally magnified:
and moreover curved.

This eyepiece can examine only
iniage.

Final magnified image in convex:
towards the eye.

1. It does not satisfy the condition
of achromatism completely.

2. it does not satisfy the condition
of minimum spherical aberration
and so has more spherical
aberration then Huygens’ eye-
piece.

3. The cross wires are put outside
the eyepiece; hence no
mechanical difficuity arises.

4. As the cross-wires lie outside
the eyepiece, the eyepiece can
be adjusted for different persons
by altering the distance between
the cross-wires and the
eyepiece.

5. Amicrometer scale can be used
in place of crosswires for accu-
rate quantitative measurements.

6. It can be used as a simple mag-"
nifier to examine real eb;ccts

7. Find magnified image is almost

- flat
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8. It is used in microscopes re-
quired for biological work (no
measurements).

8. This is used in microscopes am
telescopes fitted in optical
struments.
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Ques:7- Find out the cardinal point of Ramsden eyepiece. (2008,2010,2013)
Holn : Cardinal Ponts of R am sden 's Eyepiece :Ramsden eye-piece consists of
Iwo identical plano convex lenses placed coaxially with their convex sides facing

vnch other. The lenses are of equal focal lengths and seperated by a dlstance equal
(v two third of the focal length of either. Thus
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Position of Principal Point : '
The distance of the priricipal point H, from the firstlens L is
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The distance of second principal point H, from the second lens L, is
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Position of Focal Points :
The distance of the first focal point F, from the first lens L, is

i =-r{1- )4 - 2524

The distance of second focal point F, from the second lens L is

>/
—— « ___d_ — o /3f = f
LyF, = +r(1 fl)_Af(_.i-____f },_.,__4_

The point H, H, F, and Fz have been plotted in above figure. The nodal pointlj
and N, coincide with principal point H -and H, respectively.

Ques: 8 Write short notes on Entrance pup:i and exit pupils. 200
Soln. Entrance Pupil : When a diaphragm with a small hole in it is placed cvert
objective, it is found that the final image is less bright than before but the size of(l
image remains the same. Therefore the area of the objective limits the amount
light entering the microcope and determines the brightness of the image. On
other hand it does not affect the size of the image since the size depends upon t
focal length. The lens thus act as a stop-te the light from the object. The clear
of the objective is called the entrance pupil.
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Exit Pupil (Eye Ring) : If the rays leaving all the paints of an object AB are trace
it is found that all rays after passing through the eye piece passes through a smd
circular area. This is called the exit pupil or eye ring. This is the best position whe
the eye should be placed to collect as much light that passes through the abjecti __
as possible. Acutually R is the image of' the objective through the eye piece and a
the emergent rays passes through R. '

Therefore, the observer should ensure while using a microscope that h
eye coincides with the eye ring or the exit pupil. When the eye of the observe
coincides with the ring, the whole of the imnage will be seen clearly. “

While constructing the microscopes, a circular hole slightly greater the
the exit pupil is placed behind the eyepiece so that the two coincide. The eve niace
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“hid the hole to view the ilage
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