


without visual aids, an object 1s seen largest
at the minimum viewing distance, pmin:
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. Image sizes
with a lens of focal length 1 < piin:
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calculate relative image sizes:
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angular magnification, M j
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1.5.3 Combinations of lenses/mirrors

Benson 36.1 "Problem Solving Guide for Lenses", p. 743
treat the imaging due to the individual lenses
and/or mirrors (imaging stages) sequentially!
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principal rays
forthe first principal rays
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\\ _>|<_ imaging stage

can be completely different rays




completely general calculation of the image position
and magnification due to TWO lenses:
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known: focal lengths of two lenses, f; and f>
(which can take on any value, positive or negative;
don't be confused by the fact that I have drawn
one the case f1 > 0 and f, < 0), the separation
between the lenses, d, the object distance w.r.t.

the first lens, p;, and the 1nitial size of the

object, y

we consider the effect due to the two lenses
one after the other, i.e. we split the problem
into two parts



part 1: imaging stage 1 (1.e. effect of first lens, L)

first we calculate the position of the image
produced by L1, i.e. its image distance, g;

thin-lens formula

L1
P q N
re-arrange:

] ] 1 P11

g1 fi p1 Jip

b image distance 1
= p1—/1 (behind first lens)

by what factor 1s that image produced by L
larger than the initial object? By the transverse
magnification of that imaging process

formula for transverse magnification
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the image produced by the first imaging stage (and
we now know all we need to know about this
"image 1") acts as the object for the second imaging

stage ("object 2")

part 2: imaging stage 2 (1.e. effect of the second
lens, L))

the object distance p, for this second imaging
stage can be calculated from the image distance

p1 1n the first imaging stage

first lens second lens
A \ 4
d
q1 P2
L . L
image 1
= object 2
p2=d—q

J1p1 object distance 2
p1—/1 (in front of 2nd lens)




if we change all the indices from 'l' to '2' in the
equations for the image distance and the
magnification due to the first imaging stage we
get the equations for the image distance and the
magnification due to the second imaging stage
(both 1n terms of the second object distance and
the focal length of the 2nd lens)

a2 image distance 2
2= "5 (behind second lens)
5 magnification due
my = -5 to 2nd 1imaging stage,

1.e. factor by which
image 2 (the final
image) 1s larger than
object 2 (which 1s the
same as image 1)






