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6AB. RAY OPTICS: CONVEX AND CONCAVE LENSES
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Driving Question | Objective

How do incident rays on Convex and Concave Z (,‘ -
lenses behave once they pass through the _Optical mals eIy |
principle plane? —3 ~
: Vi A\‘ Op(lcal axis
Perform an experiment to determine the A

focal lengths of each lens then use that data
to discover some other interesting properties
about lenses.
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Conducting Your Experiment

It 1s your group’s responsibility to conduct an experiment regarding the analysis of behavior pf convex (converging)
and concave (diverging) lenses. You will use information that you find to determine the relationship of important
segments of lens diagrams such as Focal Points, Principle Planes, and Optical Axes.

Materials and Equipment
e Light Source e Small Convex Lens e Large Convex Lens .

e Metric Ruler

Small Concave Lens

ie:ckground

rallel light rays entering a converging (double-convex) lens change
_direction as the rays are refracted at both the front (incident) and back
(emergent) surfaces of the lens. If we assume that the path of the light
entering the lens is perpendicular to the plane of the lens, the final refracted
angle of the ray as it leaves the lens will direct it to a focal point P along the v
optical axis. The distance from the lens to P is known as the focal length f of teonacs fomaan -4
the lens.

This behavior is a result of refraction, the geometric properties of the lens shape, and angles at which the incoming
light rays strike the surface of the lens. Given the shape of the lens, its focal length can be quantified using a
complex formula involving the curvature at each lens surface, the thickness of the lens, and the index of refraction
for both air and the lens material. However, if we assume that the thickness of the lens is very small, the equation
simplifies to a form involving only the distance between the lens and the object and the lens and the image produced

by the lens.

P

We see similar characteristics with a diverging (double-concave) lens as well. If we assume that the path of the light
entering the lens is perpendicular to eh plane of the lens, the final refracted angle of the ray as it leaves the lens can
be virtually traced to a focal point. In this lab, you will be using the principles of Snell’s Law and refraction and
summarizing the behaviors 3 rays follow when incident to a convex or concave lens.
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ical Axis
Experimental Design Pt. 1 - Incident Rays Parallel to the Optical Ax

: f light.
. g it to emit 3 rays 0
L. Place the light source on the LEFT side of this paper and set 1t ~ Incoming rays
: i seenin  ——p——
, : the Optical Axis, as
2 Before Placing the Jeng down, shine the 3 parallel rays parallel to ;»——-
the figure t, the right,
i designated
3. Cinci ylou are lined up with the optical axis, place the Small Convex Lens in the desig S
slot below.

.
tical Axi
- .

p——r

4.

Q
6. What is the F ocal Length (distance from the principle plane to the focal point)? f = | 2 Cin ?
7. If you sh.me 1nc1den§ rays the opposite way through the Small Conyex Lens (having the light source on the
right), will the rays intersect on the other side of the lens?
n@
8. How many focal pointg would you say thig lens has? \/ .
9. With the light source still on the LEFT side of the paper, repeat the procedure with the Small Concave Lens and
use the space below to sketch the incident and refracted rays.
Optical Axis L1 = . T
T i T ——
P —
!
Principle Plane
3 . he virtual rays of the refracted light intersect? w
10. After refraction, do the real light raysl;nter sect? If not, do the virtual ray
Identify this location on your sketch above.

b
11. Focal Length: f = s




perimental Design Pt, 2 -
1. Set the light source to outp

Incident Rays Aimed at Focal Points

ut only a single ray,

Indi :
. icate, to scale, where the focal point of the Small Convex Lens is located on the left side of the lens.

3. Before placin ' ike th
g the lens in th i finies i int, then strike the
position of the leng, e slot, aim an incident ray to first go through this focal point,

1 Once everything is lined up, place the Small Convex Lens on the designated slot and observe what happens with

the refracted rays.
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Optical Axis\‘\\ = P
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Principle Plane

5. Try this a couple more times from different angles, assuring that it first passes the focal point, then hits the
lens. —+ A
What do you notice about the direction of refracted rays? | | (J Na kAl
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In the previous sections, you concluded that if an incident light ray was parallel to the Optical Axis, it would
refract to the focal point. Would your findings in this section imply that a ray of light is reversible in its
trajectory through a lens?

=1

8. We will attempt to do this with the Small Concave Lens. First indicate, based on Pt. 1, the location of the Focal
Point of this lens on the right-hand side. Do not place the lens on the slot yet. Make sure the light source is still
on the LEFT side of the paper and aim it at the focal point. Make sure this incident ray is not parallel to the

Optical Axis. Once you are lined up, place the Small Concave Lens on the designated slot and observe the
refracted light.

Optical Axis

Principle Plane

9. Try this a couple more times with different angles of incident rays.

| 4. What do you notice about the direction of the refracted ray? ] O ( \ n L}
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of aLens

get the
metric center of

Experimental Design Pt. 4 - Incident Rays Aimed at the Center + Jens. Again)

; €0
1. We next want to see what happens to light rays that are aimed at the 8

light source to emit 1 ray. Jlel to the ()ptica] Axis
aralle

dent ray which is not Pd the Principle Plan-

f the Optical Axis an
fracted rays.

2. Place the Small Convex Lens on the slot below and aim an ir}Ci
toward the geometric center of the lens. This is the intersection 0
Record about 3 different incident rays as well as their respective ré

\

D =3 Optical Axis
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Principle Plane
3. Try the same thing with the Concave Lens on the axis below. / »

<

" Optical Axis

| e
Principle Plane

4. Are the refracted rays in a different direction from the incident rays? Are they displaced at all from the original

{5, 0ply Vigublyd: pief

5. Due to the thinness of these lenses, it the displacement significant?

N o

6. Now that you know what happens with incident rays aimed parallel to the optical axis, incident rays aimed at
the focal point, and incident rays aimed at the geometric center of the lens, you are ready to put your discoverie
to the test! '
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0T hitting th ) 2 10TS of 3 rayg ;

afs
i

- Keeping ¢, “I0Its lighg e
actions gy, 8 track of an infip; numl;lean dlreCt_w‘_‘S, as seen in the image to the right.
4 r of raysis mpossible, so we are more interested in

e
N particylay e i
1cular: Ope incident ray parallel with the Optical Axis

asses t :
nter. W}elrl(::gx ;he Focal Point thep hitting the lens, and one
€€ 10 use the labow t-h ese three particular rays will behave

C1S, one whicl, b
At the BeOmetric co

lens, Feel fy

chis almegq
ter l‘efraction

hypothet; 1 . -
he left of the left-sideq F;Cc:1 (I\;(())?:: :f(fﬁ:\lrergmg) Lens with a point source labeled “O” for “Object

S ens. The 3 important incid have b rovided for
sho ul > rned in th portant incident rays have been p
d begin your traci at the Priniisplliblfg gzaw the 3 refracteq rays after passing through the lens. You
an at the surface of the lens.

, rather th

Optical Axis

1
Principle Plane

2. tl\at an o where ]ella(:le(l llgllt layS I]l‘else(:i ]eal or Vlltual
Itecall ptlcal lmage 18 formed h 1
ﬁ) formed by thls lens. If SO, draw a StaI and 1,abel (
()

. o1 i
t with an “P’ for “Image.” e T
- Is the image Rea] or Virtual? ( <J ;

Optical Axis

1
Principle Plane

5. Recall that an optical image is formed where refracted light rays intersect
formed by this lens? If so, draw a star and( labfl it with an “I” for “Image.”

Ui |

7. Before leaving the lab table, please assure your light source is unplugged and any

(real or virtual). Is there an image

Is the image Real or Virtual? \/ | ‘

loose paper it recycled.
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