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Image is real; light rays actually
cross and diverge from image point.

Figure 34-41a Physics for Engineers and Scientists 3/e
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Which of these

objects are closer
to you?

a. The upright ‘5’|

on the right.
b. The inverted
‘5’ on the left

Figure 34-41b Physics for Engineers and Scientists 3/e
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For o_h_&mn__” closer to concave
mirror than focal point...
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...image is behind

\ mirror, and thus virtual.

G y

Amv_A s'
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Incident parallel
rays.

—

lens

Figure 34-44a Physics for Engineers and Scientists 3/e
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...diverge as if J
they came from
focal point.
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LENS MAKER’S FORMULA




Radius of curvature of concave
surface (R,) is reckoned as negative.

1
S

Concave-convex lens with
smaller convex radius of
curvature produces convergence.
i \.

W

// Radius of curvature of

4 convex surface (R,) is
«—R,—> reckoned as positive.
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Concave-convex lens
with smaller concave
. R . radius of curvature

| 2 produces divergence.
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convex, f >0
lens
| / concave, f <0

nearside |  farside

direction of _u_,o_ommmzo:
of light
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MIRROR AND LENS EQUATION

But there is a difference in notation between mirror and lens

MIRROR; s > 0 on left;
real image (inverted)

W. ZHHM s’> 0, s’ on left
Vi ’ S f =R/2 > 0, converging concave mirror
virtual upright image

s’ <0 on right
f=R/2 <0, diverging convex mirror
LENS: s > 0 on left |

real Wbmm (inverted)
s’> 0, s’ on right

1/f =(n-1)(1/R+1/R,) > O, oo=<mwm5m convex _osm
virtual upright image

s’<0.on left :
1/f = (n-1)(1/R+1/R, v <0, QE@HmEm concave mirror
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Focusing  of  Lrmuge
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Ray parallel to axis passes - vt T ¢

through far focal point.

Ray 5_
emerg

rough near focal point

o st
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¥

es parallel to axis. convex
lens

Ray through center
goes straight through.

Rays converge;image
is real and inverted.

Figure 34-46 Physics for Engineers and Scientists 3/e
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Since rays only appear to come
from image point, image is virtual.
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1 Object is closer than
focal distance to lens.
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(a) ﬁ First lens (“objective”) is convex. H

Second lens (this
“eyepiece”) is concave.
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(b) Image produced by first
lens is real and inverted.
When firstimage is beyond
second lens, second object
© distance is taken to be negative.
Rays that were heading toward first N

image now diverge; we extrapolate I
them backward to find final image.
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s, =100m =10*cm

f; =100cm
f, =—8cm
s; =101cm
s, =—11lcm
=-—29cm
S
M, =-—=-.0101
S
M,=-2=26
S2 , hay € §\
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M=MM, H.owmﬁuﬁw $2
Angular Width of Object
AB,,; = LT
s
Angular Width of Image
026
AB,,, = NS\\N = 026k = .001A
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~ 10 fold gain in angular width
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