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34.3.
Identify and Set Up:   The virtual image formed by a plane mirror is the same size as the object and the same distance from the mirror as the object.

Execute:   
[image: image1.wmf].
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 The image of the tip is 12.0 cm behind the mirror surface and the image of the end of the eraser is 21.0 cm behind the mirror surface. The length of the image is 9.0 cm, the same as the length of the object. The image of the tip of the lead is the closest to the mirror surface.

Evaluate:   The same result would hold no matter how far the pencil was from the mirror.

34.6.
Identify:   Apply 
[image: image2.wmf]111
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Set Up:   For a convex mirror, 
[image: image4.wmf]0.
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Execute:   (a) The principal-ray diagram is sketched in Figure 34.6.

(b) 
[image: image7.wmf]111
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 The image is 6.6 cm to the right of the mirror. It is 0.240 cm tall. 
[image: image11.wmf]0,
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 so the image is virtual. 
[image: image12.wmf]0,
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 so the image is erect.

Evaluate:   The calculated image properties agree with the image characterization from the principal-ray diagram.
	[image: image13.jpg]




	Figure 34.6


Evaluate:   The image is virtual, upright and much smaller than the object.


34.11.
Identify:   Apply 
[image: image14.wmf]111
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Set Up:   For a concave mirror, 
[image: image16.wmf]0.
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Execute:   (a) 
[image: image19.wmf]111
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(b) 
[image: image22.wmf]480 cm,
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 so the image is 48.0 cm to the right of the mirror. 
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 so the image is virtual.

(c) The principal-ray diagram is sketched in Figure 34.11 (next page). The rules for principal rays apply only to paraxial rays. Principal ray 2, which travels to the mirror along a line that passes through the focus, makes a large angle with the optic axis and is not described well by the paraxial approximation. Therefore, principal ray 2 is not included in the sketch.

Evaluate:   A concave mirror forms a virtual image whenever 
[image: image24.wmf].
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	Figure 34.11



34.13.
Identify:   
[image: image26.wmf]111
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Set Up:   
[image: image28.wmf]200
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 An erect image must be virtual.

Execute:   (a) 
[image: image30.wmf]sf
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 For a concave mirror, m can be larger than 1.00. For a convex mirror, 
[image: image32.wmf]ff
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 and m is always less than 1.00. The mirror must be concave 
[image: image34.wmf](0).
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(b) 
[image: image35.wmf]1

.

ss

fss

¢+

=

¢

 
[image: image36.wmf].

ss

f

ss

¢

=

+¢

 
[image: image37.wmf]200

s

m

s

¢

=-=+.

 and 
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(c) The principal-ray diagram is drawn in Figure 34.13.

Evaluate:   The principal-ray diagram agrees with the description from the equations.
	[image: image41.jpg]Image
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	Figure 34.13



34.15.
Identify:   In part (a), the shell is a concave mirror, but in (b) it is a convex mirror. The magnitude of its focal length is the same in both cases, but the sign reverses.

Set Up:   For the orientation of the shell shown in the figure in the problem, 
[image: image42.wmf]120 cm.
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 When the glass is reversed, so the seed faces a convex surface, 
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Execute:   (a) 
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[image: image50.wmf]220 mm.
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 The image is 10.0 cm to the left of the shell vertex and is 2.20 mm tall.

(b) 
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[image: image54.wmf]0944 mm.
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 The image is 4.29 cm to the right of the shell vertex and is 0.944 mm tall.

Evaluate:   In (a), 
[image: image55.wmf]/2
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 and the mirror is concave, so the image is real. In (b) the image is virtual because a convex mirror always forms a virtual image.

34.5.
Identify and Set Up:   Use 
[image: image56.wmf]111
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 to calculate 
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 The image is real if 
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 is positive and is erect if 
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 Concave means R and f are positive, 
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Execute:   (a)
	[image: image63.jpg]object
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	Three principal rays,

numbered as in Section 34.2,

are shown in Figure 34.5.
The principal-ray diagram

shows that the image is real,
inverted, and enlarged.

	Figure 34.5
	
	


(b) 
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 so real image, 33.0 cm to left of mirror vertex.
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[image: image68.wmf](0
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 means inverted image) 
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Evaluate:   The image is 33.0 cm to the left of the mirror vertex. It is real, inverted, and is 1.20 cm tall (enlarged). The calculation agrees with the image characterization from the principal-ray diagram. 
A concave mirror used alone always forms a real, inverted image if 
[image: image70.wmf]sf
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 and the image is enlarged 
if 
[image: image71.wmf]2.
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34.29.
Identify:   Use the lensmaker’s equation and the thin-lens equation.

Set Up:   Combine the lensmaker’s equation and the thin-lens equation to get 
[image: image72.wmf]12
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 and use the fact that the magnification of the lens is 
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Execute:   (a) 
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[image: image75.wmf]712cm,
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(b) 
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Evaluate:   Since the magnification is negative, the image is inverted.


34.33.
Identify:   Apply 
[image: image77.wmf]12
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Set Up:   For a distant object the image is at the focal point of the lens. Therefore, 
[image: image78.wmf]187 cm.
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 For the double-convex lens, 
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RR

=+

 and 
[image: image80.wmf]2

,

RR

=-

 where 
[image: image81.wmf]250 cm.

R

=.


Execute:   
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Evaluate:   
[image: image84.wmf]0
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 and the lens is converging. A double-convex lens surrounded by air is always converging.

34.41.
Identify:   The first lens forms an image that is then the object for the second lens.
Set Up:   Apply 
[image: image85.wmf]111
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Execute:   (a) Lens 1: 
[image: image88.wmf]111
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 The image 
[image: image92.wmf]1
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 is 200 cm 
to the right of lens 1, is 4.80 cm tall and is inverted.

(b) Lens 2: 
[image: image93.wmf]2
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 The image 
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 to the left of lens 2, so 
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[image: image99.wmf]222
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 The image is 150 cm to the right of the second lens, is 
7.20 cm tall, and is erect with respect to the original object.

Evaluate:   The overall magnification of the lens combination is 
[image: image100.wmf]tot12
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34.44.
Identify:   Use the lensmaker’s equation to find the radius of curvature of the lens of the eye.
Set Up:   
[image: image101.wmf]12

111

(1).

n

fRR

æö

=--

ç÷

èø

 If R is the radius of the lens, then 
[image: image102.wmf]1

RR

=

 and 
[image: image103.wmf]2

.

RR

=-

 
[image: image104.wmf]111

.

ssf

+=

¢

 
[image: image105.wmf].

ys

m

ys

¢¢

==-


Execute:   (a) 
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(b) 
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 The image is 8.2 mm from the lens, on the side opposite the object. 
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[image: image112.wmf]0

s

¢>

 so the image is real. 
[image: image113.wmf]0
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 so the image is inverted.

Evaluate:   The lens is converging and has a very short focal length. As long as the object is farther than 8.0 mm from the eye, the lens forms a real image.

34.58.
Identify:   For a thin lens, 
[image: image114.wmf],
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 and the angular size of the image equals the angular size of the object.

Set Up:   The object has angular size 
[image: image116.wmf],
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 in radians.

Execute:   
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 which rounds to 6.3 cm.
Evaluate:   If the insect were at the near point of a normal human eye, its angular size would be 
[image: image119.wmf]2.00 mm
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