Chapter 23

Mirrors and Lenses

Answers to Even Numbered Conceptual Questions

20.

(d). The entire image would appear because any portion of the lens can form the image.

The image would be dimmer because the card reduces the light intensity on the
screen by 50%.

Problem Solutions

23.3

23.5

(1) The first image in the left-hand mirror is 5.00 ft behind the mirror,
or | 100 ftfiom the person

(2) The first image in the right-hand mirror serves as an object for the left-hand mirror.
It is located 10.0 ft behind the right-hand mirror, which is 25.0 ft from the left-hand
mirror. Thus, the second image in the left-hand mirror is 25.0 ft behind the mirror,

or | 300 ftfiom the person |

(3) The first image in the left-hand mirror serves as an object for the right-hand mirror.
It is located 20.0 ft in front of the right-hand mirror and forms an image 20.0 ft
behind that mirror. This image then serves as an object for the left-hand mirror. The
distance from this object to the left-hand mirror is 35.0 ft. Thus, the third image in
the left-hand mirror is 35.0 ft behind the mirror,

or | 400 ftfiom the person |

Since the mirror is convex, R <0. Thus, R =-0550 m . With a real object, p>0, so

p=+100m . The mirror equation then gives the image distance as
2

g R p -0550m 100m

Thus, the image is [ virtual| and located [0268m behind them iror

-0268m

e . q
The magnificationis M =——=—————=00268

Therefore, the image is (shceM >0) and |din nehed N Size| (Si”lCE M| < 1)
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23.7  The radius of curvature of a concave mirror is positive, so R =+200 an . The mirror

equation then gives

1211 1 p-100a o (100an)p
g R p 100an p (100an)p’ p—100an
q 133am
If p=400an, g=+133an dM =——=- =-0333
() Ifp q an = 200 ~L-038|

The image is | 133 an i frontofthem o, real,and inverted |

q 200anm
b) Wh =200an , q=+200an dM=—T=- =|-100
(b) When p g an = " 200an ~ L+

The image is |200cm in frontofthem inor, real,and hverled|

(100 an )(100an)

If p=100an, g=
() 1p 9= 100an —100an

and | no m age s1om ed. Paralkelrays kave them mor

23.13 The image is upright, so M >0, and we have

M =-3-420,0r g=—20p=-20(25an )=-50 an

p

The radius of curvature is then found to be

E:EJFE: 1 1 :2—1,0rR:2 050m :
R p g 25an 50an 50an +1

23.16 A convex mirror (R <0) produces upright, virtual images of real objects.

Thus, M >0 giving M =-3=+2 or q=—-P
p 3 3
Then, E+iL=E becomes E—§=— ,and yields p=+100 an
P g R p p 100am

The object is [ 100 an i frontofthem ior




23.21

23.29

Mirrors and Lenses

From 2 42 -2 F_{ M , with R — o0, the image position is found to be
P q
q:—&p:—(ﬂj@oo an )=-382an
n, 1309

or the virtual image is | 382 an bebw the uppersurface ofthe e

From the thin lens equation, %+ é = %: , the image distance is found to be
_ fp (200am)p
4= p—f p-200an
q 400 am
If p=400an , th =400an and M =——=— =|-100
(@) p en q an 0 200an -

The image is | real, nverted ,and 400 an beyond the kns|

(b) If p=200an, qox® |No im age form ed . Paralkelrays Eave the kns.

() When p=100an, q=-200an and

' _q_ (-200an)

p~ 1000 22

The image is | virtual,upright,and 200an in frontofthe kns
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23.33 (a) The real image case is shown in the ray Object
diagram. Notice that p+q=129an , or f=244cm

g=129 an —p. The thin lens equation, with

=244 an , then gives - F
1 . 1 1
p 129an -p 244an Image
~—p——f——g——
or p’~(129an )p+315an?=0 «—p+g=129 cm—>
Using the quadratic formula to solve gives
|p=963an or p=327an |
Both are valid solutions for the real image case.

(b) The virtual image case is shown in the second Virtual f=244cm
diagram. Note that in this case, q=—(129 an +p), Image —p
so the thin lens equation gives ﬁ t

1 1 1 ! Obiect

P 129an +p 244an .
— 129cm <~

or p°+(129an )p-315an *=0

y

=< q

The quadratic formula then gives p=210an or p=-150an

Since the object is real, the negative solution must be rejected leaving | p=210am |.

23.35 It is desired to form a magnified, real image on the screen using a single thin lens. To do
this, a converging lens must be used and the image will be inverted. The magnification
then gives

w o _—180m 4 g-7op
h 240x10°m p

Also, we know that p+q=300m . Therefore, p+750p=300m giving

300m 5
() p="_-T-=395x10"m =[395mm_




23.39

23.46
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(@) The thin lens equation then gives E + 1 60 1
p 750p 750p f

750 750
f=| — |p=| ——=[(395mm )=[390mm
or #=(222)p~( 222205 mm)

Since the light rays incident to the first lens are parallel, p, =00 and the thin lens

equation gives ¢y = £=-100an .

The virtual image formed by the first lens serves as the object for the second lens, so
p,=300an + |0&| =400 an . If the light rays leaving the second lens are parallel, then

@, = and the thin lens equation gives £ =p, = .

Consider an object O, at distance p, in fif

gives the image position for this lens as
1 1 1

a

front of the first lens. The thin lens equation ﬁ

The image, 1, formed by the first lens serves as the object, O ,, for the second lens. With
the lenses in contact, this will be a virtual object if I is real and will be a real object if I
is virtual. In either case, if the thicknesses of the lenses may be ignored,

p, =—q, and i——i——i+i
i P 4 f n
. . . 1 1
Applying the thin lens equation to the second lens, F +—=— becomes
2

1 1 1 1 1 1
-——+—+—=—o0r —
f pa Tt p g

1 1
=+
L
Observe that this result is a thin lens type equation relating the position of the original
object O, and the position of the final image L, formed by this two lens combination.

Thus, we see that we may treat two thin lenses in contact as a single lens having a focal

length, f, given by 1 = 1.2

_+_
frft
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