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 EMBED Word.Document.8 \s [image: image2.emf]34.3:   A plane mirror does not change the height of the object in the image, nor does the  distance from the mirror change. So, the image is 
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    b)   If the spherical mirror is immersed in water, its focal length is unchanged — it  just depends upon the physical geometry of the mirror.      



 EMBED Word.Document.8 \s [image: image4.emf]34.5:   a)         b)  

cm, 0 . 33

cm 5 . 16

1

cm 0 . 22

2 1 1 1 1





  



 





s

s f s s

to the left of the  mirror.    

cm, 20 . 1

cm 16.5

cm 33.0

cm) 600 . 0 (

   



 



s

s

y y

and the image is inverted and real.    



 EMBED Word.Document.8 \s [image: image5.emf]34.6:   a)           b)  

cm, 60 . 6

cm 5 . 16

1

cm 0 . 22

2 1 1 1 1

 



   



 





s

s f s s

to the right of the  mirror.    

cm, 240 . 0

cm 16.5

cm) .60 6 (

cm) 600 . 0 (





 



 



s

s

y y

and the image is upright and  virtual.      
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    c)   and   d)   From the magnification, we see that the image is real and inverted.         For 
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    c)   and   d)   From the magnification, we see that the image is virtual and erect.        
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    Hence the three lenses in Fig. (34.29b).      



 EMBED Word.Document.8 \s [image: image30.emf]34.31:   a)   The lens equation is the same for both thin lenses and spherical mirrors, so the  derivation of the equations in Ex. (34.9) is identical and one gets:  
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    b)   Again, one gets exactly the same equations for a converging lens rat her than a  concave mirror because the equations are identical. The difference lies in the  interpretation of the results. For a lens, the outgoing side is  not  that on which the object  lies, unlike for a mirror. So for an object on the left side of the lens,  a positive image  distance means that the image is on the right of the lens, and a negative image distance  means that the image is on the left side of the lens.     c)   Again, for Ex. (34.10) and (34.12), the change from a convex mirror to a  diverging lens changes nothing in the exercises, except for the interpretation of the  location of the images, as explained in part (b) above.      
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so the diameter is 0.5 times smaller, and the area is 0.25 times  smaller. Therefore only a quarter of the light entered the aperture, and the film must be  exposed four times as long for the corre ct exposure.      



 EMBED Word.Document.8 \s [image: image41.emf]34.42:   The square of the aperture diameter (~ the area) is proportional to the length of the  exposure time required. 
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 EMBED Word.Document.8 \s [image: image42.emf]34.43:   a)   A real image is formed at the film, so the lens must be convex.     b)  
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 EMBED Word.Document.8 \s [image: image52.emf]34.53:   a)   The image from the objective is at the focal point of the eyepiece, so  
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  The eyepiece magnifies by either 5 or 10, so:    a)   The maximum magnification occurs for the 1.9 - mm objective and 10x  eyepiece:  
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    So the smaller mirror must be convex (negative focal length) and have a radius of  curvature equal to 3.0 m.      
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  b)   The height of the image is less then 1% of the true height of the car, and is less  than the image would appear in a plane mirror at the same location. This gives the  illusion that the car is further  away then “expected.”      



 EMBED Word.Document.8 \s [image: image66.emf]34.67:   a)  
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 EMBED Word.Document.8 \s [image: image67.emf]34.68:   The derivations of Eqs. (34.6) and (34.7) are identical for convex mirrors, as long  as one recalls that  R  and 
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 EMBED Word.Document.8 \s [image: image68.emf]34.69:   a)  
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  c)   When the filament is 8 cm from the mirror, there is no place where a real  image can be formed.      
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 EMBED Word.Document.8 \s [image: image70.emf]34.71:   a)  
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 Images are always inverted longitudinally.   b)   (i)   Front face: 
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  (iii)   So the front legs are magnified by 0.600000, the back legs by 0.599520, and  the side legs by 0.359425, the average of the front  and back longitudinal magnifications.      
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 EMBED Word.Document.8 \s [image: image72.emf]34.73:   a)   R  < 0 for convex so 
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  Note: The signs are somewhat confusing. If a  real object  is moving with  v  > 0,  this implies it is moving  away  from the mirror.  However, if a  virtual image  is moving  with  v  > 0, this implies it is moving from “behind” the mirror  toward  the vertex.      



 EMBED Word.Document.8 \s [image: image73.emf]34.74:   In this context, the microscope just takes an image and makes it visible. The real  optics are at the glass surfaces.  
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     Note that the object and image are measured from the front surface of the second  plate, making the image v irtual.    



 EMBED Word.Document.8 \s [image: image74.emf]34.75:   a)   Reflection from the front face of the glass means that the image is just  h   below the glass surface, like a normal mirror.   b)   The reflection from the mirrored surface behind the glass will not be affected  because of the intervening glass. The ligh t travels through a distance 2 d  of glass, so the  path through the glass appears to be 
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 EMBED Word.Document.8 \s [image: image75.emf]34.76:   a)   The image from the left end acts as the object for the right end of the rod.   b)  
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  c)   The object is real and inverted.   d)  
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  e)   So the final image is virtual, and inverted.   f)  
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 EMBED Word.Document.8 \s [image: image76.emf]34.77:   a)  
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  b)   The object is virtual.   c)  
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 EMBED Word.Document.8 \s [image: image77.emf]34.78:   For the water - benzene interface to get the apparent water depth: 
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  For the benzene - air interface, to get the total apparent distance to the bottom:  
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 EMBED Word.Document.8 \s [image: image79.emf]34.80:   a)  
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  b)   The magnification is the product of the two magnifications:  
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 So the object distance  for the far side of the ball is 
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 which is  4.50 cm from the center of the sphere.      
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  When viewed from the curved end of the rod:  
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    so the image is 21.1 cm within the rod from the curved end.      



 EMBED Word.Document.8 \s [image: image82.emf]34.83:   a)   From the diagram:  
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      b)   There is no dependence on the radius of the glass sphere in the calculation  above.  



 EMBED Word.Document.8 \s [image: image83.emf]34.84:   a)   Treating each of the goblet surfaces as spherical surfaces, we have to pass,  from left to right, through four interfaces. For the empty goblet:  
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 EMBED Word.Document.8 \s [image: image84.emf]34.85:   Entering the sphere: 
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  So the final image is a distance 3 R  from the right - hand side of the sphere, or 4 R  to  the right of the center of the globe.      



 EMBED Word.Document.8 \s [image: image85.emf]34.86:   a)  
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 EMBED Word.Document.8 \s [image: image86.emf]34.87:   Below,  x  is the distance from object to the screen’s original position.  
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 But the object must be to the  left of the lens, so 
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 EMBED Word.Document.8 \s [image: image87.emf]34.88:   We have images formed from both ends. From the first:  
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  This image becomes the object for the second end:  
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 EMBED Word.Document.8 \s [image: image88.emf]34.89:   a)   For the first lens: 
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  So the image is 28.0 cm to the left of the second lens, and is therefore 19.0 cm to  the left of the first  lens.   b)   The final image is virtual.   c)   Since the magnification is 
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 EMBED Word.Document.8 \s [image: image89.emf]34.90:   a)    
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        b) Adding a second identical lens 315 cm to the right of the first means that the  first lens’s image becomes an object for the second, a distance of 157 cm from that   second lens.  
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  and the image is erect.   c) Putting an identical lens just 45 cm from the first means that the first lens’s  image becomes an object for the second, a distance of 113 cm to the right of the second   lens.  
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and the image is inverted.    



 EMBED Word.Document.8 \s [image: image90.emf]34.91:  
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  So the object distance for the second lens is 52.0 cm  –  (8.00 cm) = 
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  So the object distance for the third lens in 52.0 cm  –  (16.47 cm) = 35.53 cm.  
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 so the  final image is  virtual and 318 cm to the left of the third mirror, or equivalently 214 cm to the left of the  first mirror.    



 EMBED Word.Document.8 \s [image: image91.emf]34.92:   a)  
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 EMBED Word.Document.8 \s [image: image92.emf]34.93:   a) Bouncing first off the convex mirror, then the concave mirror:  
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  But the object distance for the concave mirror is just 
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  But th e object position must be between the mirrors, so the distance must be the  smaller of the two above, 0.24 m, from the concave mirror.   b) Now having the light bounce first from the concave mirror, and then the convex  mirror, we have:  
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  But the object distance for the convex mirror is just  
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  So for the convex mirror:
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  But the object position must be between the mirrors, so the distance must be 0.24  m  from the concave mirror.      



 EMBED Word.Document.8 \s [image: image93.emf]34.94:   Light passing straight through the lens:     a)             b) 
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 to the right of the lens.       c) The image is real.       d) The image is inverted.     For light reflecting off the mirror, and then passing through the lens:         a)          
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 so the image from the  mirror, which becomes the new object for the lens, is at the same location as the object.  So the final image position is 51.3 cm to the right of the lens, as in the first case above.     c) The image is real     d) Th e image is erect.      



 EMBED Word.Document.8 \s [image: image94.emf]34.95:   Parallel light coming in from the left is focused 12.0 cm from the left lens, which  is 8.00 cm to right of the second lens. Therefore: 
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 to the right of the second lens,  and this is where the first focal point of the eyepiece i s located. The second focal point is  obtained by sending in parallel light from the right, and the symmetry of the lens set - up  enables us to immediately state that the second focal point is 4.80 cm to the left of the  first lens.      



 EMBED Word.Document.8 \s [image: image95.emf]34.96:   a) With two lenses of different focal length in contact, the image distance from  the first lens becomes exactly minus the object distance for the second lens. So we have:    
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    b) With carbon tetrachloride sitting in a meniscus lens, we have two lenses in contact.  All we need in order to calculate the system’s focal length is calculate the individual  focal lengths, and then use the formula from part (a).     For the meniscus: 
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 EMBED Word.Document.8 \s [image: image96.emf]34.97:   At the first surface, 
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    (Note, as many significant figures as possible should be kept during the calculation,  since numbers comparable in size are subtracted.)      



 EMBED Word.Document.8 \s [image: image97.emf]34.98:   a) Starting with the two equations:    
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    b) Comparing the equations for focal length in and out of air we have:  
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 EMBED Word.Document.8 \s [image: image98.emf]34.99:   The image formed by the converging lens is 30.0 cm from the converging lens,  and becomes a virtual object for the diverging lens at a position 15.0 cm to the right of  the diverging lens. The final image is projected 
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 EMBED Word.Document.8 \s [image: image99.emf]34.100:   The first image formed by the spherical mirror is the one where the light  immediately strikes its surface, without bouncing from the plane mirror.    
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and the image height:      
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    The second image is of the  plane mirror image, located 
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    So the image is 8.26 cm below the top glass surface, or 1.24 cm above the page.      



 EMBED Word.Document.8 \s [image: image101.emf]34.102:    a) 
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    At the air – lens interface: 
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    The mirror reflects the image back (since there is just 90 cm between the lens and  mirror .) So, the position of the image is 401 cm to the left of the mirror, or 311 cm to the  left of the lens. So:     At the water – lens interface:
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    (Note all the indices of refraction cancel out.)     b) The image is real.     c) The image is inverted.     d) The final height is 
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    The resolution of 120 lines per millimeter means that the image line width is    0.0083 mm between lines. That is 

mm. 0083 . 0





y

But:    

mm, 92 . 5

mm 35.05

mm 25,000

mm) 0083 . 0 (

 







 







s

s

y y

s

s

y

y

 which is the minimum  separation between two lines 25.0 m  away from the camera.      
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    d) If the 2.8 cm focal length lens is used by the 60 - year old, then 
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    e) This does not mean that the older viewer sees a more magnified  image. The  object is over 28 times further away from the 60 - year old, which is exactly the ratio  needed to result in the magnification of 2.0 as seen by the 10 - year old.    
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    e)   Ha ving the first image form just within the focal length puts one in the  situation described above, where it acts as a source that yields an enlarged virtual image.  If the first image fell just outside the second focal point, then the image would be real and   diminished.      



 EMBED Word.Document.8 \s [image: image108.emf]34.109:    The near point is at infinity, so that is where the image must be found for any  objects that are close. So:    
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 This distance  is greater than the normal eye, which has a cornea vertex to retina distance of about 
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 EMBED Word.Document.8 \s [image: image110.emf]34.111:    a)   From Figure 34.56, we define 
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    If the effective focal length is 30 cm, then the separation can be calculated:    

cm. 2 . 1 cm 2 . 7 cm 0 . 12 cm 0 . 18

) cm 0 . 12 cm 0 . 18 (

) cm 0 . 18 )( cm 0 . 12 (

cm 30

1 2

2 1

     

 

 

 



d d

d d f f

f f

f

     



 EMBED Word.Document.8 \s [image: image111.emf]34.112:    First recall that 

,









M

and that 

. . and

1

1

2

2

2

2

1

1

y

f

s

y

M

s

y

f

y

 



 











  

    But since the image formed by the objective is used as the object for the eyepiece,  
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 Thus we have a final image  which is real and 
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from the eyepiece. (Take care to carry plenty of figure s in the  calculation because two close numbers are subtracted.)      
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  c)   The length of the telescope is 
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 EMBED Word.Document.8 \s [image: image115.emf]34.116:    a)   Using the diagram and law of sines    
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 EMBED Word.Document.8 \s [image: image116.emf]34.117:    a)   The distance between image and object can be calculated by taking the  derivative of the separation distance and minimizing it.    
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so for a real image, the  minimum separation between object and imag e is 4 f .     b)       Note that the minimum does occur for  D= 4 f .      



 EMBED Word.Document.8 \s [image: image117.emf]34.118:    a)   By the symmetry of image production, any image must be the same distance  D  as the object from the mirror intersection point. But if the images and the object are  equal distances from the mirror intersection, they lie on a circle with radius eq ual to  D .   b)   The center of the circle lies at the mirror intersection as discussed above.   c)           



 EMBED Word.Document.8 \s [image: image118.emf]34.119:    a)   People with normal vision cannot focus on distant objects under water  because the image is unable to be focused in a short enough distance to form on the  retina. Equivalently, the radius of curvature of the normal eye is about five or six time s  too great for focusing at the retina to occur.     b)   When introducing glasses, let’s first consider what happens at the eye:    
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That is, the   object for the cornea must be 3.00 cm behind the cornea. Now, assume the glasses are  2.00 cm i n front of the eye, then:  
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  This is the focal length in water, but to get it in air, we use the formula from    Problem 34.98: 
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