Optical
Instruments
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Combinations of Optical Elements

* An optical element is an
instrument that changes the path
of light: mirrors and lenses of all
types.

* When two optical elements are X
combined, the image of the first
element becomes the object of Jﬂ
the second element. 8]

Simulation:
http://webphysics.davidson.edu/applets/optics4/default.html

Example
Two convex lenses of focal rj‘“
lengths f; = 10.0 cm, f, = i 1|

20.0 cm. The two lenses are V
separated by 20.0 cm. An frg At
object is placed 30.0 cm to
the left as shown. Where is
the final image relative first
lens?




Lens Power

« The lens power is just the reciprocal of the lens’s focal length P (measured
inm~! or Diopters):
1

« Iftwo lenses are placed in contact, their combined power Py, is:
1 1
Peompo =P1+ P& ——=—+—
combo fcombo fl fz
* Notice that our former equation for f (also known as the Len’s maker’s
equation) directly gives power:

p= 1 _ (n 1) 1 + 1
Tf W Ry Ry
This time we have included the index of refraction n’ of the medium
containing the lens

Convention for sign of R: if it’s convex to the touch it’s positive, if it's
concave to the touch it’s negative.

.
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Angular Size

h
tan @ =~ 6(rad) = -2
do
Recall: 1 rad = %"
ho o

Crystallin lens
(variable focal length)

9 = —
max do,min N
* where N = d, pip is
called the near point

and it’s usually about

25.0cm @

DAY

If you extend your hand to arm’s length...
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Simple Magnifier

* We've seen the unaided eye
perceives a maximum angular
size of Opax = ho/N N

* Using a simple convex lens we fmage ‘o,,,,c,T?/;
can form a virtual magnified | | !

image * i s
* Angular magnification 1l
6 NG
e e RS d dof
. gular size of virtual image: Mige = __l’ d; = —2
PY _ homuar _ ho(dil + 1) @ do Ydy— f
ldil  ldil ld:|f For a virtual image:
ldi| + f
Myqr = 7
Example

8" _N(f+ldi])
Hmax Idilf
* What is the angular magnification of an object whose
image forms at the near point of an eye?
f+N N
Mang = T =1+ 7
What if the image forms at infinity (when would this
happen?

Mang =

Nf f

N(f+N) N
Mang = 7 %




.

Compound Microscope

Objective lens forms an enlarged real
image of the object at (really, just
inside) the focal point of the eyepiece
lens, which then acts as a simple
maghnifier for this image.
Lateral magnification by objective:
_hionj  dionj diobj
Muat,onj = 3 =g T
0,0bj 0,0bj fobj
Angular magnification of eyepiece:
N N
Meye = — (OF Meye =1+ —
eye =7~ (or meye fm)
The total angular magnification:

o= (500 (2)
fot fobj feye

2

o

M - i

yeps
o
rmed
Image formed | / eyepiece
by objective at infinity
¥ ] > oviective
Jobjective /
&4 Object to
be viewed

Barrel length: L = d; + f,
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