
Physi
s 123 se
tion 2 CIDHomework 29 S
ore / 301. (5 pts) Imagine that you are using a lens with a fo
al length of 15 
m as a magnifying glass to look at (not 
ook)an ant whi
h is sitting on your �nger. You put your eye up to the lens and adjust the position of the ant untilthe image of the ant is 25 
m from you. (a) What is the lateral magni�
ation M of the image? (b) What is theangular magni�
ation m?2. (5 pts) You make a mi
ros
ope out of two lenses: an obje
tive with a fo
al length of 4.21 mm and an eyepie
e witha fo
al length of 24.2 mm. You mount them to either end of a 42 
m long tube. What is the magni�
ation ofthe mi
ros
ope?3. (4 pts) In a Galilean teles
ope, the eyepie
e lens has a negative fo
al length. This has the advantage of produ
inga positive angular magni�
ation (i.e. the image is not inverted). The layout of su
h a teles
ope is shown in the�gure below. As you 
an see, the lenses are spa
ed su
h that one of the fo
al points of the obje
tive lens (markedwith plus signs) is on top of one of the fo
al points of the eyepie
e (marked with an x).Before we begin, 
onsider what would happen if you stood in front of the teles
ope and looked at some obje
t(mars, for example) with your eyes at the lo
ation of the left-most fo
al point of the obje
tive. If the opti
alaxis runs into the bottom of mars, and the two red lines 
ome from the top of mars, the angle marked θ inthe �gure is the angular size of mars as viewed with the naked eye.(a) The upper line, whi
h runs parallel to the opti
al axis, is bent by the obje
tive su
h that it is travelingtoward the fo
al point a distan
e f0 away. Be
ause of the way we've pla
ed the lenses, this point is adistan
e −fe to the right of the eyepie
e (this is a positive number, be
ause the eyepie
e has a negativefo
al length). After passing through the se
ond lens, what angle does this beam make with respe
t to theopti
al axis?(b) The lower ray passes through the fo
al point on the left side of the obje
tive. In this limit as θ is reallysmall, in terms of θ, fe, and fo, what angle does this ray make with respe
t to the opti
al axis after passingthrough the eyepie
e? (Note that for smallθ, sin θ ≈ tan θ ≈ θ.(
) The dotted lines illustrate that by tra
ing ba
kward, we 
an determine the position and size of the virtualimage formed by the teles
ope. In the limit as the obje
t (and therefore the virtual image) are extremelyfar away from you, what is the angular magni�
ation of this teles
ope in terms of θ, fe, and fo?

4. (4 pts) I want to make a teles
ope using a 50 mm fo
al length eyepie
e and a 500 mm fo
al length obje
tive. (a)How far apart should the lenses be mounted? (b) What will the angular magni�
ation of the teles
ope be?5. (4 pts) I look at the moon through a teles
ope with an angular magni�
ation of 250x. (a) Will the image of themoon be 
loser to me than the moon or further away? (b) Will the lateral size of the image be bigger or smallerthan the a
tual size of the moon?



Now lets 
onsider what happens if I look at an obje
t through a pair of arbitrary lenses with arbitrary fo
al lengths.The way to work this is to �rst 
onsider just the �rst lens (the one 
losest to the obje
t) as if the se
ond lens weren'tthere. We �nd where the image from the �rst lens would form, and then that a
ts as the obje
t for the se
ond lens. Theone tri
ky part is if the image from the �rst lens is on the opposite side of the se
ond lens. In this 
ase we have a �virtualobje
t.� All our equations still work, but the obje
t distan
e p will simply be negative. The magni�
ation of the �nalimage will just be the magni�
ation of the image of the �rst lens (relative to the obje
t) times the magni�
ation ofthe se
ond image (relative to the �rst image, whi
h a
ted as the obje
t for the se
ond lens).When drawing rays, if we have a virtual obje
t, instead of drawing rays whi
h 
ome from the virtual obje
t and gothrough the lens, we would draw rays whi
h were going as if to 
onverge on the virtual obje
t, but then intera
t withthe se
ond lens. For example, I would draw a ray whi
h is going toward the �virtual obje
t� whi
h strikes the 
enterof the se
ond lens. This line will 
ontinue through without de�e
tion. I would also draw a ray going to the virtualobje
t whi
h was traveling parallel to the prin
iple axis. When this line hits the lens it bends and goes through thefo
al point on the far side of the lens (if it is a 
onverging lens) or bends as if it were 
oming from the fo
al point onthe near side of the lens (if it is a diverging lens). There is also a third line a 
an draw, but you 
an �gure that outyourselves.6. (8 pts) A 
onverging lens with a fo
al length of 16 
m is pla
ed 25 
m from an obje
t. A diverging lens with a fo
allength of -14 
m is pla
ed 10 
m behind the 
onverging lens, as shown in the �gure below. (a) Draw rays onthe �gure below to �nd the lo
ation of the �nal image as viewed by someone to the right of the diverging lens.(b) Cal
ulate the lo
ation of the �nal image relative to the diverging lens, indi
ating whether it will be on thesame side of the diverging lens as the obje
t or the opposite side. (
) Cal
ulate the magni�
ation M for the �nalimage relative to the obje
t. (Note: In past semesters students have noted that you 
an get the right answerusing a tri
k where you treat the se
ond lens as a 
onverging lens. It's a good tri
k, but I re
ommend you don'tuse it unless you already understand the straightforward way to work this problem really well.)

Extra problems I re
ommend you work (not to be turned in)- I look at the moon through a teles
ope with an angular magni�
ation of 300x. What is the diameter of the imageof the moon, and how far away is the image of the moon?- If you have a

ess to three �at mirrors, pla
e them su
h that they are at right angles to ea
h other (like the threesides 
oming together at one 
orner of a 
ube). This is known as a 
orner re�e
tor. Now look at the mirrors asyou move around the room. You should be able to see your image at the 
enter of the mirrors no matter whereyou stand. Why?


