PHY 300 Lab 9, Fall 2008 Nov. 6, 2008
Lab 9: Optical Instruments

1 Introduction

In these experiments you will investigate the propertieen$es, and combine them to make some
simple optical instruments. You will start by measuring gneperties of individual lenses, and end
by studying the optical instruments you have constructesl Will need a white light source, long
and short optical benches, a crossed arrow target, a laskassorted lenses.

2 Focal Length of a Single Lens

Put the white light source on one end of your long optical beaad mount the crossed arrow target
in front of it. This target will now serve as your object. Mduhe +48 mm double-convex lens and
your viewing screen on the bench and adjust their positiorthat the lens focuses the image of the
crossed arrows on your screen. Note the orientation of tlagén Observe how the image distance
changes as you change the distance from the object to the Yenscan measure the focal length
of the lens directly by noticing that if the object is at thedbpoint, its image is formed at infinity.
You can approximate an infinite image distance by focusiegriage on the wall across the room.
Measure the focal length of your lens, and compare your viaubke one on the label of the lens.
What are the sources of error in making this measurement?siould measure the focal length of
the lens using two addtional methods besides the one ab&egewou have the image distance near
infinity. These are 2, Bessel's method, and 3, Abbé’s method

Bessel's method:A lens is moved along the optical axis between a fixed objedtafixed
image screen. The object and image positions are sepanai@dlistance that is more than
four times the focal length of the lens. Two positions of #es are found for which an image is
in focus on the screen, magnified in one case and reduced atltbe If the two lens positions
differ by distancel, the focal lengthf of the lens is given by

f=(0—d*)/a (1)

Abbé’s method: An image of an object is formed on a screen by a lens. Leaviadahs
fixed, the object is moved to a new position and the image sarem/ed until it again receives
a focused image. If the separation between the two objediqusis As, and if the transverse
magnifications of the image are, andm, respectively, the focal length of the lens is given by

f = (mimy As)/(ma —my). (2)

Calculatef (and also its associated uncertainty) for the one lens wesach of these three methods.
Which method is easiest? Which method seems to give the medsp result? Are your measure-
ments consistent with each other when the experimentartancty is considered?

Now that you've discovered your favorite method for measyithe focal length of a positive
lens, use the method to measure the focal length of a wegked@ mm) and strongerf(< 48 mm)
positive lens. Pick one negative lens, and decide on a wayetsuare its focal length.
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Use yourf = 48 mm lens, a crossed-arrow target with illumination, and aing screen. Explore
the equations

1/s+1/s=1/f (3)
and
m=—h'/h=—5/s (4)

at a variety of distances, includings > 2f, s = 2f, f < s < 2f, s = f, ands < f. For each
case, show a sketch of the optical arrangement, make catardimeasurements of s/, h, andh/,
and check the relationships given above in Efjs. Iand 4.

3 Single Lens Aberrations

The diffraction angle of an aperture of diameteis approximatelyy = \/d, so you want to use a
small @ < 10 um) aperture to spread the laser beam out to several degresesa éns to image
the laser light onto the pinhole, and verify that you get aaldraexpanding beam out of the pinhole.
Measure the approximate angular width of the beam (a moneratecexpression ¢ = 1.22)\/d),
and compare your result with this formula.

Make a divergent point source of light as described above.dJidiaphragm to limit the aperture
of a short focal length positive lens, and look at a highly magd image of the point source. Make
sketches (with dimensions indicated!) to indicate youreobations of spherical aberrations as a
function of diaphragm size, and then (with the diaphragmenogen) make sketches of coma as a
function of tilt angle of the lens. Slide the screen a biteitivay from optimum focus to observe the
stigmatic foci (lines).

4 Imaging with Two-Lens Systems

Telescope:A simple refracting telescope may be constructed using il optical bench and the
lenses in your kit. The objective lens must be a convergimg kef relatively long focal length.
The eyepiece may be either a converging lens (making a Kapler astronomical telescope) or a
diverging lens (making a Galilean telescope), but it musbbshort focal length. The two lenses
should be separated by the algebraic sum of their focal hsngihe magnification of the telescope
is defined as the ratio of the angle subtended by the image istantiobject, say, across the room,
seen through the telescope to the angle subtended by theatgewt viewed without the telescope.
Calculate the ray matrix for each telescope by writing therixdor each lens and for the space
between them, and multiplying (in the right order!), andwltbatm,.;cscope = — fo/ fe Wheref, and
f. are the focal lengths of the objective and eyepiece, respéc{see section 10.4 of Fowles).

Construct one of each type of telescope, and estimate thaificagjon by comparing the size
of what you see with one eye through the telescope to the $imdat you see through the other
(unaided) eye. You must think and play around in order to fig@ad way of doing this. Compare
your measured magnifications with theory, and draw a rayrdragor each telescope. What are the
advantages of each type?

You can use the two types of telescopes as beam expanddis faser beam by shining it through
the telescope (which way?). Try to measure the diameteediéam spot of the laser. Then direct the
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laser through the telescope and compare this “raw” beamete&mand the diameter of the beam after
it leaves the telescopes for several distances. What areltisre advantages of using a Galilean over
a Keplerian telescope as a beam expander?

Microscope: In the microscope, both the objective lens and the eyepiereaverging lenses,
but now the objective is the short focal length lens. Theyushde separated by the sum of their
focal lengths plus an additional distande, L is called the “tube length” of the microscope. In
most microscoped, = 16 cm. The object to be viewed is positioned so that the infageed by
the objective is located gf, + L, which is also the front focal point of the eyepiece. The niagn
fication is defined as the ratio of the angle subtended by tlagémhrough the microscope to the
angle subtended by the object viewed without the microseb@edistance of 25 cm from the eye.
Mmicrosope = (25 cm/ f) x (L/ f,). Construct at least one microscope and estimate its magfiiic
from your observations. Again, calculate the ray matrixtfos optical instrument, and compare it
with your experimental estimate. Also, compare the mawixthe microscope with the matrix for
your telescope. Comment on their similarities and diffeeen
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