26.3

26.5

The flatness of the mirror is described
by R =oo, f=oo

and 1/f=0

By our general mirror equation,

11 1
v 9 f

or g=-p

Thus, the image is as far behind the mirror as the person
is in front. The magnification is then

:_—qz']_:E
M ” D
80 K =h =700 inches

The required height of the mirror is defined by the triangle from the person’s eyes to the top and
bottom of his image, as shown. From the geometry of the triangle, we see that the mirror height

must be;
;,{L] _ h{i) K
P-4 2p) 2

Thus, the mirror must be| at least 35.0 inches high |

A graphical construction produces 5 images, with RN /
images I; and I, directly into the mirrors from T, 7
the object O, N/
/ .{2 e ,
ad (O, L,1,) / 0 f‘>Mz
;
L, /
and (I, I, I;) W/

forming the vertices of equilateral triangles.



26.6

26.8

(1) The first image in the left mirror is 5.00 ft behind the mirror, or
person.

2

10.0 ft

from the position of the

The first image in the right mirror is located 10.0 ft behind the right mirror, but this location is 25.0

ft from the left mirror. Thus, the second image in the left mirror is 25.0 ft behind the mirror, or

30.0 ft | from the person.

(3)

The first image in the left mirror forms an image in the right mirror. This first image is 20.0 ft from

the right mirror, and, thus, an image 20.0 ft behind the right mirror is formed. This image in the

right mirror also forms an image in the left mirror. The distance from this image in

e right

mirror to the left mirror is 35.0 ft. The third image in the left mirror is, thus, 35.0 ft behind the

40.0 ft

mirrot, or from the person.

For a concave mirror, both R and f are positive.

We also know that f= % =10.0 am
(@ i1 1 _ 3
g f p 100cm 400cm 400cm
and g=133 cm
M=£=_13.30m= 0333
p 400cm

The image is 13.3 cm in front of the mirror, is| real, and inverted

o 111 1 1 1
g f p 100cm 200cm 20.0am
and g=200cm
:i:_Z0.0cm: ~1.00
r 200am

The image is 20.0 cm in front of the mirror, is | real, and inverted

(0 1 = 1 - 1 = 1 - 1 =0
g f p 100ecm 100cm
Thus, g = infinity.
No image is formed | The rays are reflected parallel to each other,




*26.9

*26,12

*26.14

(a)

(b)

(0)

()

(b)

becomes

g= 46,0 cm and M

1
+ E = becomes

=

g= —60.0 cm and

1
g 60.0cm 200 cm

2

=| —0.500

1

=1
P

(—60.0 cm)

3.00

T (200 cm)

The image (a) is real, inverted and diminished. That of (b) is
virtual, upright, and enlarged. The ray diagrams are similar to
Figure 26.12(a) and 26.12(b), respectively.

g =-Mp =-0.013(30 cm) = -0.39 cm

= v

1 1
F+ —=—=
q f

1 1 2
30cm -03%9cm R

3| =

= ;_1 =-0.790 cm
-253 m

For a real image, 4> 0

[Eﬁﬁ)/

80 in this case M =-4.00

g =-pM=120 cm

_2pq _2(30.0 cm)(120 cm) _

R
ptq

ﬁ-—i_\\
PRI B T

(150 cm)

48,0 cm

O

The cornea is convex, with radius of curvature | 0.790 cm

v

\

(a)



26.49

26,51

26,24

A hemisphere is too thick to be described as a thin lens. The
light is undeviated on entry into the flat face. We next consider
the light's exit from the second surface, for which R =—6.00 cm

The incident rays are parallel, so p=oo

Then L WL .k ¥
p 9 R
1_1.00-1.56
be 0+—=—"—=—"
comes 7~ 600 m
and 4=10.7 cm

For the mirror, f=R/2 = +1.50 m. In addition, because the distance to the Sun is so much larger
than any other distances, we can take p= o,

The mirror equation, %+%= %, then gives g=f= 150m
Now, in M=_ﬂ=h_
p h

the magnification is nearly zero, but we can be more precise: #/p is the angular diameter of the
object. Thus, the image diameter is

W=-"1= (—0_5330)(%:;21)(1.50 m) =0140m = -140 cm

Let Ry = outer radius and R» = inner radius

1 1 1 1 1 1
Z=m-1) —=—-—=(=(1.50-1 - = 0.0500
e )[Rl Rg] ( )[2.00111 2.50011} o

so  f= 200cm




26.25 For a converging lens, fis positive. We use % + é = %
1 11 1 1 1
—=—=—-—= - = =40.0 am
@ T 3 200m 00cm X0cm 1
g 400
M=—"=——"—= -1.00
p 400
The image is | real, inverted | and located 40.0 cm past the lens.
1 11 1 1 . o
—_=———= - =0 = infini
) g f p 200cm 200cm 1 A
No image |is formed. The rays emerging from the lens are parallel to each other.
(C) l:l_l: 1 _ 1 = - 1 q:—Z0.0Cm
g f p 200cm 100cm 200cm
M= _i =— (_20'0) = 2,00
P 10.0
The image is | upright, virtual |and 20.0 cm in front of the lens.
26.27 We are looking at an enlarged, upright, virtual image:
A/I:Fi:2=—i 50 P=—i=—(_2.Mm—)=+l.Qm
h P 2 2
1,1.1 ves LR B |
r g f & 142cm (284cm) f
f=284cm
1 1 1 1 1 1
26.28 Sz + ==
) r q9 f 320cm 800cm f
80 f=640cm
by m=-4=_890m [ 475
p 320cm
(c) Sincef>0, the lensis| converging




*26.33 (a)

= |
B~
| =

80

1

1

1

+—-=
200cm 4 (-32.0cm)

.

1 1
e S——
20,0 32.0

;

-12.3 cm

The image is 12.3 cm to the left of the lens.

__q_ (-123cm)_
M= p  200cm

0.615

(b)

() See the ray diagram to the right.

26.43 Start with the first pass through the lens.

q_1=f1 p1=80.0cm_100cm

N F
[
1t 1 1 ! ! 41 =400 cm to right of lens ‘]
om,
\

For the mirror, P, =—300 cm ¥
/.
| 1.00 m
1 1 1 1 1
—_—————_—= - =—60.0€11'l
5 p (50.0cm) (o300 cm) %
For the second pass through the lens, p3 =160 cm
i1 11t 1 g3 =| 160 cm to the left of lens
9 fi ps 800cm 160 cm
My=_do _Mem_ g M=o (800am)_ 1
;. 100cm pr  (-300cm) 3
43 _ 160 am
My=—>>=- =-1 M = MiM,M; =| -0.800
" 7ps  160cem s

Since M < 0 the final image is

inverted |




26.46 1 1 1 1 1

n A 7 100em 125em

80 g1 = 50.0 cm (to left of mirror)

This serves as an object for the lens (a virtual object), so

1 1 1 1 1

4 f pr» (-167cm) (=250 cm)

4> = -50.3 cm (to right of lens)

Thus, the final image is located | 25.3 cm to right of mirror |

t 50.0 cm
= TR 400
" p T 125em
M, = _%_ _M =201
P2 (250 am)

M=MM, =| 8.05

Thus, the final image is| virtual, upright |, 8.05 times the size of object, and 25.3 cm to right of the
mirrot,

2648 (a) I=—p=— *OW 1 a0kw/m
4217 4n(1.60%107 m)

b) I= 3)2: L0W 5= 691 mW/m?
471" 4n(7.20 m)
(0 l+1=1' 1 +1= 1
ra f 720m g 0350 m
S0 g=0.368 m
K __q_ 0.368m
and M=320am 7 720m
h'=[ 0.164 cm
(d) The lens intercepts power given by P=IA= (6.91x 10 W/ mz)[g(o.lso m)z]
p (691x107° W/m?|z(15.0 am)’ /4]
and puts it all onto the image where I= e

(0164 cm)? /4

1=|581W/m?




26.53

From the thin lens equation,

When we require that g, — o,

g = Apr _ (600 cm)(120 em) _ —4.00 cm
pri—fi 12,0 cm —(—6.00 cm)

the thin lens equation becomes p, = f.

In this case, p» = d—(-4.00 cm)
Therefore, d+400m=f =120 cm and
A
e
Ry |
Ead | L —

8.00 cm




(@) Forlens one, as shown in the first figure,

1 +l_ 1
400em g, 300cm

‘il =120 cm
M=-4 __120em .5
pl 40.0 cm

This real image I; =0, is a virtual object for the
second lens. That is, it is behind the lens, as
shown in the second figure. The object distance
is

p2 =110 ecm - 120 cm =-10.0 cm

. 11
-100cm ¢ -200cm’

20.0 cm

g =

20.0 cm

42 _
(-10.0 em)

P2

M2:— =+2.00

Moveran = MM, = —6.00

(B)  M,yeran <0, 80 final image is| inverted |

(c) Iflens two is a converging lens (third figure):

~1r 1 __1
-100em ¢, 200cm

6.67 cm

g =

—M=+0.667
(-10.0 cm)

5 =

Moverall =MM, = -2.00

Again, M, .. <0 and the final image is

inverted




