Optics 7: Spherical Lenses

A lens could be defined as a portion of transpasabstance bounded by two
polished surfaces, one or both of which is cur¥edonverging lens could be made
of two spherical convex surfaces:
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Rays from a point source at the first focal poitconverge and emerge parallel to
the axis. Rays parallel to the axis are focusateasecond focal point F' . Similarly
a diverging lens could be made from two concavésas.The surfaces, the
refractive index of the lens, and its thicknes®duatne the effect which that lens has

on light.
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Convex lenses are commonly ternwahvergenbr positivelenses, and concave
lenses are likewise termeddisergentor negativelenses. This is because convex
lenses converge rays of light and have a posifieéeteon the vergence of wavefronts
and concave lenses diverge rays and have a neg#iot on vergence.

Thin Lenses

A thin lens is an idealized model where the thicknegb@tiens is small compared to
other distances involved (e.g. the focal lengtldjiraf curvature, object and image
distance etc.), and we can therefore ignore trecetf the thickness of the lens. This
simplifies any calculations involved, but is an epgmation. Thick lenses (where the
effect of the substance of the lens cannot be egjawill be considered later. Also, a
lens shows its most ideal behaviour towards liglysrpassing it close to its center



(paraxial) and nearly parallel to its optic axis.the eye, the pupil (at least in good
lighting) only lets through centrally located ragsd a good image is only needed at
the fovea centralis. Therefore, ideal lens opties wseful in the eye, in spite of the
very strong curvature of the refracting surfaces.

By combining two spherical refracting surfaces welese a lens. Similarly, by
combining the mathematical descriptions :

n n n—-n . n, n —n
— -t =_1__1 forthe first surface anepi——' =t 1 for the second we
Xo % n XX I

obtain
1.1 _(n-n)(1 1
X X n, o r

which for incident rays in air simplifies to tAdin-lens equation or lensmakers
formula (signs depend on conventions used!)

Hence we obtain théaussian lensformula
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For thin lensesf, = — f; in our convention and so

L+£ =1
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Lens Power
The power of a len®, is usually expressed in dioptres, which is justinverse of
the focal length in metres:

. 1
lens power in dioptres = - .
focallengthin metres

A convergingens is said to havepositivepower and aiverginglens is said to have
anegativepower

Vergence

The amount by which light rays converge or divesgenown as theivergence.
The vergence of light in a vacuum (or in air) ie #ame as the radius of curvature of
the wavefronts. In a medium with refractive inaexhe vergence is:

V =n/ wavefront curvaturen(~ 1 for air)

At distanced, from a point source of light, the vergence ghti(in air) is

v=1
d

Like the lens power, vergence can be expressenpires.
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In order to distinguish between converging and ijveg light, a positive value is
given to converging light and a negative valueiveg to diverging light.

+ve -ve
vergence vergence

(convergent (divergent
light) light)

Vergences can be used in the lens formulae, batroast always be taken to ensure
that the correct vergence is used at each poitmeotalculation.

Ray tracing Rules for thin lenses

Thin lenses behave in an ideal way and some raysaasily drawn:
1. Aray parallel to the axis is deflected throughrfas if it came from F.
2. Aray through the optical centre of the lens camtsm undeviated

3. Aray to the lens that (when extended, if neceggaagses through F is
deflected parallel to the axis.
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An additional useful rule is
4. Rays parallel to each other are imaged on tte foane




Magnification

As with spherical mirrors transverdd+) and longitudinal 1.) magnifications can be
defined. By similar triangles

Using our conventioMy is negative indicating an inverted image. (Noet if the
refractive indices on opposite side of the lensewbiferent this would not be true.)

Newton's Relation

Since the foci of a thin lens in air are symmetngih respect to the lens, the
magnification can be expressed in terms of theadkiral distances, § (that is the
distance of the object or the image to the focattpoThe following diagram explains
this:
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By similar triangles:
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Hence §s = f, f,

which is Newton's relationship. Newton's relatiapsh also true for thick lenses.



Prismatic effect of a thin lens

A thin lens can be considered to be made up offamte number of prisms. For a
convex lens, these would be prisms with their b&s®ards the optical centre of the
lens (see diagram below). If a ray strikes #mesla distanceabove the axis, and
passes through the focus of the lens, it is dediiteough an anglé.

Sincetand = fi

and since, for a prisn,00tand =A (prismatic power in dioptres)

then A=% (if cis in cm and’ is in metres)

Therefore,A=cP wherell = prism power in dioptres

¢ = decentration in cm
P = lens power in dioptres

This is known as thBrenticerule, and is useful for determining the prismatic etffec
induced by decentring a lens.



