Thin Lenses and its Equations
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Introduction

Thin lenses can be formulated by the relation betwleebject distance, the image distance, and
the focal length. This is derived from the geometrical pt@seof the ray tracing diagram, and
the equation is called the thin lens equation:
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wheres, s', and f are the object distance, the image distance, and theléoggh, respectively.
The sign of focal length depends on the type of lenses.€efjuation holds both convex
(converging) and concave (diverging) lenses.

The image of an object through a lens can look largenad! that is called magnification. This
also characterizes the lens property. The definitionagnification,M, comes from the ratio
between the object height,, and its image heighty’:

M = E

h

When the image reduced, the magnification will be less thaWwhen the image magnified, the
magnification will be more than 1. From the geometricapprty of the ray diagram, the
magnification can also be expressed with the object angkimiistances:

M=->
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Note that the positive and negative magnifications inditetethe image is inverted and upright,
respectively. In the measurement, if the image is faare inverted, the image heiglht,,

must be expressed as negative. For two lenses, you cHrews®mve expressions twice to find
the final focal length and its magnification.

Objectives:
* To verify the thin lens equation and the magnification eqoatkperimentally

» Tolearn how to find the focal length of a concave lens usiaghin lens equation
(combination of thin lenses)




1. Thefocal length and magnification of a converging lens:

® Choose a place to put the conver ging
lens and find the object distance, <, as
shown in thefigure.

@ By moving the screen, focusthe image

Oon screen.

Light source (object)

bject height

Object distance

‘ Image distance

Screen (image)

Image height

@ Befor e you deter mine the position of the lens, move the lens back and forth to obtain the

sharpest image.

@ After obtaining the image and object distances, calculate the focal length with the thin lens

equation.

Thin lens equations =<+ 1. The focal length can be solved fis= £=; .

s+s'

Tablel
1 2 3 4 5 6 7 8
Image height e P {magnified or
Object Image Focal length | Object height h' M&grﬂf'rﬁt'r? n I\I/\I/Tgf'f_'ca,tlon reducedy},
distances distances' f h (Puta negative N ST s/ S {upright or
sign if the image is (direct) (distance ratio) inverted}
inverted.)
Try less than 20 cm
1! Did you obtain any image on the screen? You are NOT supfiogetlany image. Discuss the conceptual questions below.

Question: Does the experimental result of focal lengths for convex (convégriging correspond

to the reference value (+20.0 cm or +0.200 m) within thertaiogy?

Question: In columns 6 and 7, are the measurements of magnificaibmssstent between the

direct measurement and the distance ratio?

Conceptual questions:
® When you put the convex lens in front of light source (objebgre the object distance is

smaller than the focal length (20 cm), do you obtain any immagbe screen?
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@ When the object distance is lager than the focal le2gtltif), do you find the image on the
screen?

[Hints: This is related to real and virtual images igd with a convex lens. Ask your TA to
discuss thig.

® Does the accuracy of the focal length obtained from theiexpet above depend on the
object distance? How does it depend on?

2. Finding the focal length of a diverging lens (using two lenses):

(Purposes of this parl) you make the same experimentation as above with a concave lemstit is
possibleto obtain the focal length of the lens since a concave lensndbéave any image focused on
a screen. To obtain the focal length of a condang, you also have to use a conlems. It is also
pedagogical to learn the procedure to deal with two lenseghittihin-lens and magnification
equations.

» First focus an image only with the
conver ging (convex) lens. /\

Write down the object and image distances. #; *\”\
hi
P kI
| s}

this convex lens within its focal length. The lens
should be placed at between 35 cm and 55 cm.
Do not move this lens after you determined.)

Also measure the magnificatiafo not put N

A

S

Object distances; : Image distasge

+ Magnification of the converging lens only

. b
Direct measuremesit M l:h_i (If the image is inverted, h’ will be negative.)

Distance ratie> - s, /s, :

* Insert the diver ging (concave) lens between hy
the convex lens and screen. *\[

The separation between two lenses should not i
be too large. That makes the result inaccurate. !
|
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* By adjusting the screen, focus the image.
NEVER move the convex lendFollow the
data sheet to record the measurements.
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Note: The focused image with both lenses should not be focugedmiy the convex lens. Namely,
after you obtained an image with two lenses, take the concaveuen you do not see any image
on the screen (arrows have to be disappeared.), that is a correatvpre you put the concave lens.
If it is still a blurred image, it is a wrong place for the concave temgive you the final focused image.



Lens separation : Object distarge=r —S';

Image distances',:

Focal length of diverging lensf = szs'z/(s2 + S'z): =0.0 cm)

» Toconfirm theresults, calculate the focal length of the diver ging (concave) lens and the total
magnification.

«*Magnification of the diverging lens

M,=-5,/s,: (only from the distance ratio)

++The total magnification

final imageheight, h,,

Direct measuremert M = original objectheight, h;

Distance ratie> (S, /s )(S,/S,):

Questions:
» Did you get the experimental focal length for the divergimg ledose to the reference
value (20.0 cm or 0.200 m)?

* For the third part, is the measurement of magnificatmmsistent? (The direct
measurements and distance ratios are supposed to benthg sa

» After inserting the diverging (concave) lens, is the previmagye magnified or reduced?

Questions you want to explore:

In the second part of this lab, the total magnificatiomwito lenses is enlarged. Namely,
small object is magnified as the image. The combinati@ow¥ex and concave lenses is
applied to the Galileo telescope. Let’s think of the foltoyy

» Are there any applications of combined lenses in youy tigal?

* How about microscopes? What types of lenses are theg2udilow do you
describe the mechanism?



