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(RO.L3.2-sols) Foundation Stage Solutions
Monday, January 22,2018 5:44 PM
Ray Optics
Foundation Stage (RO.2.L3)

Lecture 3
Thin Lenses

Optics Timeline
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Textbook Chapters (* Calculus version)

BoxSand :: KCvideos ( Thin Lens Equation )

Knight (College Physics : A strategic approach 379) :: 18.7;19.2;19.3;19.4;19.5
*Knight (Physics for Scientists and Engineers 4th) :: 34.6;35.1;35.5; 35.4

Giancoli (Physics Principles with Applications 7th) :: 23-8; 23-9; 25-2 ; 25-3 ; 25-4 ; 25-5 ;
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Warm up

Description: Sketch thin lens ray diagram for single converging lens. Estimate magnification for single lens. Sense make.

Learning Objectives: [?] - Can you identify the objectives from the previous lecture, and this lecture, that this question is relevant to?

Problem Statement: Below is the start of a physical representation that will be useful when trying to determine how a lens bends light
from a source.

(a) Use the ray tracing rules for thin lenses to sketch the location, orientation, and type of image creased using the given lens.

(i) Ray from object, parallel to g ing Lens
optical axis, refracts through /
far focal point. M4,
(ii) Ray from object, through J
near focal point, refracts .
iy it N
2f f '

arallel to optical axis. M
P g T

(iii) Ray from object, through
center of lens, exits

undeflected.

I 4 72F M| L] Aw0 gp £3F

(b) %ﬂna_te 'g_flelmagnification. (c) How can this location at 2f be used for sense making for thin converging lenses?
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Selected Learning Objectives
1. Coming soon to a lecture template near you.
Key Terms

0 Focal length
O Thin lens equation

Key Equations

Key Concepts

o Coming soon to a lecture template near you.

Questions

Act |I: Mathematical Model for Thin Lens

RO.2.L3-2:

Description: Sketch thin lens ray diagram for single converging lens. Calculate image distance. Make sense of sign of image distance.
Calculate magnification. (2 minutes + 3 minutes + 2 minutes + 2 minutes)

Learning Objectives: [?]

Problem Statement: Below is the start of a physical representation that will be useful when trying to determine how a lens bends light
from a source.

(a) Use the ray tracing rules for thin lenses to sgglgheon_e_o_f_the remaining rays forﬁ)ﬂlobject placed 12 cm from a thin converging lens of
focal length 8 cm. —
T
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(i) Ray from object, parallel to Converging ng,
optical axis, refracts through 1
far focal point.

(ii) Ray from object, through R T\ ~ ~

near focal point, refracts
parallel to optical axis. 2f f f 2f

(iii) Ray from object, through ]

center of lens, exits

untieﬂected.

o0, ¢ J

'F do dl M - =
O Jo

(b) Calculate the image distance. (c) What does the sign of the image distance tell us in this (d) Calculate the
l | single lens system? magnification.
= = — + 1 = =2y

e

1z

(1) Real image on same side as object.

(2) Real in@ge &i’))pposite side of object.
(3) Virtual image on same side as object.
(4) Virtual image on opposite side of object.

Gem U~y
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Description: Sketch thin lens ray diagram for single converging lens. Calculate image distance. Make sense of sign of image distance.
Calculate maghnification. (2 minutes + 3 minutes + 2 minutes + 2 minutes)

Learning Objectives: [?]

Problem Statement: Use the ray tracing rules for thin lenses to sketch one of the remaining rays for an object placed 2 cm from a thin
converging lens of focal length 8 cm. dl

g

(a) Use the ray tracing rules for thin lenses to sketch,oné"éf the remaining rays.

v

.

(i) Ray from object, parallel to fon¥erging Lens
optical axis, refracts through a1
far focal point.

(ii) Ray from object, through r
near focal point, refracts

parallel to optical axis. 1-: f
(iii) Ray from object, through /b
(

cenfer of lens-exis

p

v

unqgﬂected.)o dJ: M - Jz
O Jo
(b)j;alculgte th;é_imaie dﬁtance. (c) What does the sign of the image distance tell us in this  (d) Calculate he'l_ ¢
gérv 2~ ot single lens system? magn‘rficatio./,\_)

(1) Real irdigectih)same side as object.

(2) Real image on opposite side of object.
(3) Virtual image on same side as object.
(4) Virtual image on opposite side of object.

j[f_c r—;ﬁéjcm
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RO.2.L3-4:

Description: Calculate focal length of thin lens given object and image distance. (4 minutes)

Learning Objecotives: [?]

the lens. The abject used to make-treinrage is placed 37.5 ¢
-y
oJo = 3/

Problem Statement: A thin converging lens of unknown focayl:length is used in a lab to project an image on a screen that is 25 cm from
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L to J1
1o L + L

from the lens. What is the focal length of this lens?
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RO.2.L3-5:

Description: Calculate image distance for converging lens with object at f. (4 minutes)

Learning Objectist: [?] (
= L o+

£ Py iz

Problem Statement: An object is placed a focal length distance away from a thin converginglens. Where is the image formed at?

VoL
— ~— .,F -~
+ A Converging Len
o= L
It
o =D ° *
=y f f
di, @ fNFinry /b

RO.2.L3-6:

Description: Sketch thin lens ray diagram for single diverging lens. Calculate image distance. Make sense of sign of image distance.
Calculate magnification. (2 minutes + 3 minutes + 2 minutes + 2 minutes)
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Learning Objectives: [?] do

L

diverging lens of focal length 8 cm.

Problem Statement: Use the ray tracing rules for thin lenses to sket,ch‘o’n’e of the remaining rays for an object placed 12 cm from a thin

Img.

(a) Use the ray tracing rules for thin lenses to sketch one of the renfatntng?rays.

(i) Ray from object, parallel to Diverging Lens
optical axis, refracts as if it (
came from near focal point.

(ii) Ray from object, towards

far focal poit(lt, refractp

paralleTto spticdT axis~ ) c p
"E ); ).'_’ f f M; - él\
(iii) Ray from object, through O do
center of lens; exits I {
undeflected.—™ %+ —
—8tm 2~ A = —(~4.3)
12

single lens system?

1) Real image on same side as object.

(c) What does the sign of the image distance tell us in thi

/rp?grﬁiica@g.c/

2) Real image on opposite side of object.

(
(
(3) Virtual image on same side as object.
(

4) Virtual image on opposite side of object.
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Descr&ﬁion: Conceptual question about thin lenses and real vs virtual images. (2 minutes + 2 minutes)
o OSE ComyE g azq-
Learning Objectives: [?]

/ CRns

Problem Statement: Benny the beaver wishes to create a fire for warmth. In order to create this fire, he needs tc/create a real image of
the sun on the log using a single lens.

O

(a) Which of the following lenses can never create a real image by
itself?

. Covvlpapss.. - REac /VINWAC  Ard @ S
(1) Converging

(2) Diverging
(3) None of the above

(b) Which of these lenses will always create a real image by itself?

(1) Converging Q
(2) Diverging
(3) None of the above
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Act ll: The Eye as a Lens
RO.2.L3-8:
Description: Calculate focal lengths, and near and far points for eye as a single lens. (3 minutes + 3 minute + 3 minute + 3 minutes)

Learning Objectives: [?]

Problem Statement: You can change the shape of the lens inside your eye to create an image on the back of your eye (your retina) of

objects at different distances. Since your eye does not change size and the image needs to be made on the retina, the image distance

must stay the same. Your near point is the shortest distance from the lens in your eye to an object for which you can m:}ze a clear image

on your repna If tiee objecF moves any closer to your eye than the near point, the object becomes out of focus (e.g,fuzz 'fF‘é"éverage

human eye-has a near pom’c"of about 25 cm.
{~ 20 it

The average eye Iength from the front to the b

1

Assume that the | fgs of the ei/e;{is at the fronkof the eye and is a thin converging lens. Also assume that your eye is made of air except
for the lens. T

Fps aiou 4 mm.

Con

(a) Emmetropia (normal vision) occurs when your eye is the perfect length allowing the light Emmetropia (normal vision)
rays to converge exactly on the retina when an object is at infinity and when at a near point of
about 25 cm. When looking at an object placed at her near point, what is the focal length of an Focus on near object

average human's lens?

average near point
~ ——

~25¢cm
P I
£ 9 gt
|
[ ( ﬂfmy \
+ 0 thanic

retina

converging lens
small - muscles strained
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(b) Emmetropia (normal vision) occurs when your eye is the perfect length allowing the light Emmetropia (normal vision)

rays to converge exactly on the retina when an object is at infinity and when at a near point of

about 25 cm. What is the focal length of her lens when looking at the moon which is really Focus on dis‘@aﬁt’&ﬁject
really farawdy? |~ L é o

£ IT _average far point__

~cocm
[ | do= 406.8 ¢ 5 ‘ l
— - J— +~ L 0 , o~
= fuzzy
2.9 e Jo 2.3¢~ clear
retina

converging lens
large radius - muscles relaxed

(c) Hyperopia (farsighted) can occur when your eye is too short causing light rays to converge Farsighted (hyperopic)

behind the retina when an object is placed at the average human near point. Assume the lens
is still limited ¥o the size ran7e of focal lengths. If somebody has an eye length of only 23 mm, Focus oﬁ near object
+ L

what is their .nearpoint?
average near point

.F )A oL ~25cm
( o~ 18 cm /@

( (

— . =~ 4 =

2 do 20 e

retina

converging lens
small - muscles strained

Myopic (nearsighted)

(d) Myopia (nearsighted) can occur when your eye is too long causing light rays to converge in
front of the retina when an object is placed at the average human far point of infinity. Assume
the lens is still limited to the same range of focal lengths. If somebody has an eye length of
about 24.5 mm, what is their far point?

Focus on distant object

average far point
~—— T 5
%
fuzzy:
clear

11/13



4/13/2021 OneNote

retina

/ \/ S
converging lens
large radius - muscles relaxed

Act lll: Combination of Thin Lenses

RO.2.L3-9:
Description: TBD

Learning Objectives: [?]

Problem Statement: TBD

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx ?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit& wd=target%280ptics.one%7C4cce0la3-8... 12/13



4/13/2021 OneNote

Conceptual questions for discussion

1. Focal length dependence on n question

Hints
RO.2.L3-1: No hints.
RO.2.L3-2: No hints.
RO.2.L3-3: No hints.
RO.2.L3-4: No hints.
RO.2.L3-5: No hints.
RO.2.L3-6: No hints.
RO.2.L3-7: No hints.
RO.2.L3-8: No hints.

RO.2.L3-9: No hints.
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