CHAPTER 34 – Lenses and Optical Instruments





1.	(a)	From the ray diagram, the object distance is about 3& focal lengths, or     250 mm.


			�


	(b)	We find the object distance from


			(1/do) + (1/di) = 1/f; 


			(1/do) + (1/88.0 mm) = 1/65.0 mm, which gives do = 249 mm =      24.9 cm.





2.	To form a real image from a real object requires a      converging lens.


	We find the focal length of the lens from


		(1/do) + (1/di) = 1/f;


		(1/285 cm) + (1/48.3 cm) = 1/f, which gives f =      + 41.3 cm.


	Because di > 0, the image is      real.





3.	(a)	The power of the lens is


			P = 1/f = 1/0.275 m =      3.64 D, converging.


	(b)	We find the focal length of the lens from


			P = 1/f;


			– 6.25 D = 1/f, which gives f  = – 0.160 m =     – 16.0 cm, diverging.





4.	(a)	We locate the image from


			(1/do) + (1/di) = 1/f;


			(1/18 cm) + (1/di) = 1/24 cm, which gives di = – 72 cm.


		The negative sign means the image is      72 cm behind the lens (virtual).


	(b)	We find the magnification from


			m = – di/do = – (– 72 cm)/(18 cm) =      + 4.0.





5.	(a)	Because the Sun is very far away, the image will be at the focal point.  We find the size of 


		the image from


			m = hi/ho = – di/do ;


			hi/(1.4 ´ 106 km) = – (28 mm)/(1.5 ´ 108 km), which gives hi =      – 0.26 mm.


	(b)	For a 50 mm lens, we have


			hi/(1.4 ´ 106 km) = – (50 mm)/(1.5 ´ 108 km), which gives hi =      – 0.47 mm.


	(c)	For a 200 mm lens, we have


			hi/(1.4 ´ 106 km) = – (200 mm)/(1.5 ´ 108 km), which gives hi =      – 1.9 mm.





6.	We find the object distance from the required magnification (which is negative for a real object and a real image):


		m = hi/ho = – di/do ;


		– (2.70 ´ 103 mm)/(36 mm) = – (8.00 m)/do , which gives do = 0.107 m.


	We find the focal length of the lens from


		(1/do) + (1/di) = 1/f;


		(1/0.107 m) + (1/8.00 m) = 1/f, which gives f = 0.105 m =     + 10.5 cm.





7.	(a)	We find the image distance from


			(1/do) + (1/di) = 1/f;


			(1/10.0 ´ 103 mm) + (1/di) = 1/80 mm, which gives di =      81 mm.


	(b)	For an object distance of 3.0 m, we have


			(1/3.0 ´ 103 mm) + (1/di) = 1/80 mm, which gives di =      82 mm.


	(c)	For an object distance of 1.0 m, we have


			(1/1.0 ´ 103 mm) + (1/di) = 1/80 mm, which gives di =       87 mm.


	(d)	We find the smallest object distance from


			(1/domin) + (1/120 mm) = 1/80 mm, which gives domin = 240 mm =     24 cm.





8.	We find the image distance from


		(1/do) + (1/di) = 1/f;


		(1/0.125 m) + (1/di) = – 6.0 D, 


	which gives di = – 0.071 m =       – 7.1 cm (virtual image behind the lens).


	We find the height of the image from


		m = hi/ho = – di/do ;


		hi/(1.0 mm) = – (– 7.1 cm)/(12.5 cm), which gives hi =      0.57 mm (upright).
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9.	(a)	We see that the image is behind the lens, 


		so it is       virtual.


	(b)	From the ray diagram we see that we need a 


			converging  lens.


	(c)	We find the image distance from the magnification:


			m = – di/do ;


			+ 2.5 = – di/(8.0 cm), which gives di = – 20 cm.


		We find power of the lens from


			(1/do) + (1/di) = 1/f = P, when f is in meters;


			(1/0.080 m) + [1/(– 0.20 m)] = P =      7.5 D.





10.	We can relate the image and object distance from the magnification:


		m = – di/do ,   or   do = – di/m.


	We use this in the lens equation:


		(1/do) + (1/di) = 1/f;


		– (m/di) + (1/di) = 1/f, which gives  di = (1 – m)f.


	(a)	If the image is real, di > 0.  With f > 0, we see that m < 1; thus m = – 2.00.  The image distance is


			di = [1 – (– 2.00)](50.0 mm) = 150 mm.


		The object distance is


			do = – di/m = – (150 mm)/(– 2.00) =      75.0 mm.


	(b)	If the image is virtual, di < 0.  With f > 0, we see that m > 1; thus m = + 2.00.  The image distance is


			di = [1 – (+ 2.00)](50.0 mm) = – 50 mm.


		The object distance is


			do = – di/m = – (– 50 mm)/(+ 2.00) =      25.0 mm.


























11.	(a)	We find the focal length of the lens from


			(1/do) + (1/di) = 1/f;


			(1/37.5 cm) + [1/(– 8.20 cm)] = 1/f, which gives f =      – 10.5 cm (diverging).


		The image is in front of the lens, so it is       virtual.


	(b)	We find the focal length of the lens from


			(1/do) + (1/di) = 1/f;


			(1/37.5 cm) + [1/(– 46.0 cm)] = 1/f, which gives f =      + 203 cm (converging).


		The image is in front of the lens, so it is virtual.








12.	(a)	We find the image distance from


			(1/do) + (1/di) = 1/f;


			(1/1.10 ´ 103 mm) + (1/di) = 1/135 mm, which gives di =      154 mm (real, behind the lens).


		We find the height of the image from


			m = hi/ho = – di/do ;


			hi/(2.20 cm) = – (154 mm)/(1.10 ´ 103 mm), which gives hi =      – 0.308 cm (inverted).


	(b)	We find the image distance from


			(1/do) + (1/di) = 1/f;


			(1/1.10 ´ 103 mm) + (1/di) = 1/(– 135 mm), 


		which gives di =      – 120 mm (virtual, in front of the lens).


		We find the height of the image from


			m = hi/ho = – di/do ;


			hi/(2.20 cm) = – (– 120 mm)/(1.10 ´ 103 mm), which gives hi =      + 0.240 cm (upright).
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13.	The sum of the object and image distances must be the 


	distance between object and screen:


		do + di = L = 76.0 cm.


	For the lens we have


		(1/do) + (1/di) = 1/f;


		(1/do) + [1/(76.0 cm – do)] = 1/(16.0 cm), 


	which gives a quadratic equation:


		do2 – (76.0 cm)do + 1216 cm2 = 0,  


	with the solutions do =       22.9 cm, 53.1 cm.


	Note that the sum of the distances is 76.0 cm, the distance between the object and the screen.  This corresponds to interchanging the object and image.  In general the screen must be at least 4f from the object for an image to be formed on the screen.





14.	For a real object and image, both do and di must be positive, so the magnification will be negative:


		m = – di/do ;


		– 2.75 = – di/do ,   or   di = 2.75do .


	We find the object distance from


		(1/do) + (1/di) = 1/f;


		(1/do) + (1/2.75do) = 1/(+ 75 mm), which gives do = 102 cm.


	The image distance is


		di = 2.75do = 2.75(102 cm) = 281 cm.


	The distance between object and image is


		L = do + di = 102 cm + 281 cm =      383 cm.














15.	We get an expression for the image distance from the lens equation:


		(1/do) + (1/di) = 1/f;


		1/di = (1/f ) – (1/do),   or   di = fdo/(do – f ).


	The magnification is 


		m =  – di/do = – f/(do – f ).


	If the lens is converging, f > 0.  


	For a real object, do > 0.


		When do > f, we have (do – f ) > 0, so all factors in the expressions for di and m are positive; 


		thus di > 0 (real), and m < 0 (inverted).


		When do < f, we have (do – f ) < 0, so the denominator in the expressions for di and m are negative; 


		thus di < 0 (virtual),  and m > 0 (upright).


	For an object beyond the lens, do < 0.


		When – do > f, we have (do – f ) < 0, so both numerator and denominator in the expression for di are 


		negative; thus di > 0, so the image is real.  The numerator in the expression for m is negative; 


		thus m > 0, so the image is upright.


		When 0 < – do < f, we have (do – f ) < 0, so we get the same result:      real and upright.
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16.	(a)	For the thin lens we have


			(1/do) + (1/di) = 1/f;


			[1/( f + x)] + [1/( f + x¢)] = 1/f, 


		which can be written as


			2f + x + x¢	= ( f + x)( f + x¢)/f 


						= f + (x + x¢) + (xx¢/f ),  or  xx¢ = f 2.


	(b)	For the standard form we have


			(1/do) + (1/di) = 1/f;


			(1/45.0 cm) + (1/di) = 1/32.0 cm, which gives di =      + 110.8 cm.


	(c)	For the Newtonian form we have


			xx¢ = f  2;


			(45.0 cm – 32.0 cm)x¢ = (32.0 cm)2, which gives x¢ = 78.8 cm.


		Thus the distance from the lens is


			di = x¢ + f = 78.8 cm + 32.0 cm =       110.8 cm.





17.	We find the image formed by the refraction of the first lens:


		(1/do1) + (1/di1) = 1/f1 ;


		(1/35.0 cm) + (1/di1) = 1/27.0 cm, which gives di1 = + 118.1 cm.


	This image is the object for the second lens.  Because it is beyond the second lens, it has a negative object distance:  do2 = 16.5 cm – 118.1 cm = – 101.6 cm.


	We find the image formed by the refraction of the second lens:


		(1/do2) + (1/di2) = 1/f2 ;


		[1/(– 101.6 cm)] + (1/di2) = 1/27.0 cm, which gives di2 = + 21.3 cm.


	Thus the final image is      real, 21.3 cm beyond second lens.


	The total magnification is the product of the magnifications for the two lenses:


		m 	= m1m2 = (– di1/do1)(– di2/do2) = di1di2/do1do2 


			= (+ 118.1 cm)(+ 21.3 cm)/(+ 35.0 cm)(– 101.6 cm) =     – 0.708 (inverted).


























18.	The image of an infinite object formed by the refraction of the first lens will be at the focal point:


		di1 = f1  = + 20.0 cm.


	This image is the object for the second lens.  Because it is beyond the second lens, it has a negative object distance:  do2 = 14.0 cm – 20.0 cm = – 6.0 cm.


	We find the image formed by the refraction of the second lens:


		(1/do2) + (1/di2) = 1/f2 ;


		[1/(– 6.0 cm)] + (1/di2) = 1/(– 31.5 cm), which gives di2 = + 7.4 cm.


	Thus the final image is      real, 7.4 cm beyond second lens.
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19.	(a)	The image from the first lens 		(c)


		is the same: di1 = + 30.0 cm.


		This image is the object for the 


		second lens.  Because it is 


		beyond the second lens, it has 


		a negativeobject distance:  


			do2 = 20.0 cm – 30.0 cm = – 10.0 cm.


		We find the image formed by the 


		refraction of the second lens:


			(1/do2) + (1/di2) = 1/f2 ;


			[1/(– 10.0 cm)] + (1/di2) = 1/25.0 cm, which gives di2 =       + 7.14 cm.


	(b)	The total magnification is the product of the magnifications for the two lenses:


			m 	= m1m2 = (– di1/do1)(– di2/do2) = di1di2/do1do2 


				= (+ 30.0 cm)(+ 7.14 cm)/(+ 60.0 cm)(– 10.0 cm) =     – 0.357 (inverted).
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20.	We see from the ray diagram that the image from the 


	first lens will be a virtual image at its focal point.  


	This is a real object for the second lens, and must be at 


	the focal point of the second lens.  If L is the separation 


	of the lenses, the focal length of the first lens is


		f1 = L – f2 = 24.0 cm – 31.0 cm =      – 7.0 cm.














21.	We find the focal length by finding the image distance for an object very far away.  


	For the first converging lens, we have


		(1/do1) + (1/di1) = 1/fC ;


		(1/8) + (1/di1) = 1/fC ,   or, as expected, di1 = fC .


	The first image is the object for the second lens.  If the first image is real, the second object distance is negative: 


		do2 = – di1 = – fC .  


	For the second diverging lens, we have


		(1/do2) + (1/di2) = 1/fD ;


		[1/(– fC)] + (1/di2) = 1/fD .


	Because the second image must be at the focal point of the combination, we have


		(– 1/fC) + (1/fT ) = 1/fD , which gives    1/fD = (1/fT) – (1/fC).








22.	We find the focal length of the lens from


		1/f	= (n – 1)[(1/R1) + (1/R2)] 


			= (1.58 – 1){[1/(– 33.4 cm)] + [1/(– 23.8 cm)]}, which gives       f = – 24.0 cm.





23.	We find the index from the lensmaker’s equation:


		1/f	= (n – 1)[(1/R1) + (1/R2)];


		1/28.9 cm = (n – 1)[(1/31.0 cm) + (1/31.0 cm)], which gives n =      1.54.





24.	When the surfaces are reversed, we get


		1/f	= (n – 1)[(1/R1) + (1/R2)] 


			= (1.51 – 1){[1/(– 18.4 cm)] + (1/8)}, 


	which gives f = – 36.0 cm, which is the result from Example 34–7.





25.	We find the radius from the lensmaker’s equation:


		1/f = (n – 1)[(1/R1) + (1/R2)];


		1/17.5 cm = (1.46 – 1)[(1/R1) + (1/8)], which gives R1 =      8.1 cm.





26.	We find the radius from the lensmaker’s equation:


		1/f = (n – 1)[(1/R1) + (1/R2)];


		1/(– 21.5 cm) = (1.50 – 1)[(1/R1) + (1/8)], which gives R1 =      – 10.8 cm.


	The negative sign indicates concave.





27.	We find the radius from the lensmaker’s equation:


		1/f = (n – 1)[(1/R1) + (1/R2)];


		+ 2.50 D = (1.56 – 1)[(1/0.200 m) + (1/R2)], which gives R2 =       – 1.87 m (concave).





28.	We find the focal length of the lens from


		1/f	= (n – 1)[(1/R1) + (1/R2)] 


			= (1.56 – 1){[1/(– 22.0 cm)] + [1/(+18.5 cm)]}, which gives f = 207.7 cm.


	We find the image distance from


		(1/do) + (1/di) = 1/f;	


		(1/90.0 cm) + (1/di) = 1/207.7 cm, which gives di =      – 159 cm (in front of the lens).


	The magnification is


		m = – di/do  = – (– 159 cm)/(90.0 cm) =      + 1.76 (upright).





29.	The refraction equations are all based on 


		n1 sin q1 = n2 sin q2 .


	The lensmaker’s equation is derived assuming air (n = 1.00) on the left-hand side.  If we have some other material with n different from 1.00, we can make the equation equivalent to this by using an effective index:


		sin q1 = (n2/n1) sin q2 = neff sin q2 , where neff = n2/n1 .


	Thus we have


		Pair = 1/fair = (nglass – 1)[(1/R1) + (1/R2)];


		Pwater = 1/fwater = [(nglass/nwater) – 1][(1/R1) + (1/R2)].


	If we divide the two equations, we get


		Pwater/Pair = [(nglass/nwater) – 1]/(nglass – 1);


		Pwater/(+ 4.5 D) = [(1.50/1.33) – 1]/(1.50 – 1), which gives Pwater =      + 1.15 D.





30.	From the definition of the f-stop, we have


		f-stop = f/D;


		1.4 = (45 mm)/D1.4 , which gives D1.4 = 32 mm;


		22 = (45 mm)/D22 , which gives D22 = 2.0 mm.


	Thus the range of diameters is        2.0 mm = D = 32 mm.








31.	We find the f-number from


		f-stop = f/D = (14 cm)/(6.0 cm) =      f/2.3.





32.	The exposure is proportional to the area and the time:


		Exposure µ At µ D2t µ t/( f-stop)2.


	Because we want the exposure to be the same, we have


		t1/( f-stop1)2 = t2/( f-stop2 )2;


		[(1/60) s]/(16)2 = [(1/1000) s]/( f-stop2)2, which gives f-stop2 =       f/4.
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33.	From the similar triangles on the ray diagram, we find the 


	separation of the circles:


		H/L1 = h/L2 ;


		(2.0 cm)/(100 cm) = h/(7.0 cm), 


	which gives h = 0.14 cm = 1.4 mm.


	If we use rays from one object passing through the pinhole,


	we find the diameter of the circle from


		D/d = (L1 + L2)/L1 ;


		D/(1.0 mm) = (100 cm + 7.0 cm)/(100 cm), 


	which gives D = 1.07 mm.


	Because this is less than h, the two circles do not overlap.





34.	We find the effective f-number for the pinhole:


		f-stop2 = f/D = (70 mm)/(1.0 mm) = f/70.


	The exposure is proportional to the area and the time:


		Exposure µ At µ D2t µ t/( f-stop)2.


	Because we want the exposure to be the same, we have


		t1/( f-stop1)2 = t2/( f-stop2 )2;


		[(1/250) s]/(11)2 = t2/(70)2, which gives t2 =       (1/6) s.





35.	The converging camera lens will form a real, inverted image.  For the magnification, we have


		m = hi/ho = – di/do ;


		– (24 ´ 10–3 m)/(32 m) = – di/(55 m),   or   di = 4.13 ´ 10–2 m.


	We find the focal length of the lens from


		(1/do) + (1/di) = 1/f;


		(1/55 m) + (1/4.13 ´ 10–2 m) = 1/f, which gives f = 4.1 ´ 10–2 m =     41 mm.





36.	The length of the eyeball is the image distance for a far object, i. e., the focal length of the lens.


	We find the f-number from


		f-stop = f/D = (20 mm)/(5.0 mm) =       f/4.0.





37.	The actual near point of the person is 50 cm.  With the lens, an object placed at the normal near point, 


	25 cm, or 23 cm from the lens, is to produce a virtual image 50 cm from the eye, or 48 cm from the lens.


	We find the power of the lens from


		(1/do) + (1/di) = 1/f = P, when distances are in m;


		(1/0.23 m) + (1/– 0.48 m) = P =       + 2.3 D.





38.	With the lens, the screen placed 50 cm from the eye, or 48.2 cm from the lens, is to produce a virtual image 120 cm from the eye, or 118.2 cm from the lens.


	We find the power of the lens from


		(1/do) + (1/di) = 1/f = P, when distances are in m;


		(1/0.482 m) + (1/– 1.182 m) = P =       + 1.2 D.





39.	With the contact lens, an object at infinity would have a virtual image at the far point of the eye. 


	We find the power of the lens from


		(1/do) + (1/di) = 1/f = P, when distances are in m;


		(1/8) + (1/– 0.17 m) = P = – 5.9 D.


	To find the new near point, we have


		(1/do) + (1/di) = 1/f = P;


		(1/do) + (1/– 0.12 m) = – 5.9 D, which gives do = 0.41 m.


	Glasses would be better,       because they give a near point of 32 cm from the eye.








40.	(a)	The lens is diverging, so it produces images closer than the object, thus the person is      nearsighted.


	(b)	We find the far point by finding the image distance for an object at infinity:


			(1/do) + (1/di) = 1/f = P;


			(1/8) + (1/di) = – 4.0 D, which gives di = – 0.25 m = – 25 cm.


		Because this is the distance from the lens, the far point without glasses is 25 cm + 2.0 cm =      27 cm.





41.	(a)	We find the power of the lens for an object at infinity:


			(1/do) + (1/di) = 1/f = P;


			(1/8) + (1/– 0.75 m) = P =      – 1.33 D.


	(b)	To find the near point with the lens, we have


			(1/do) + (1/di) = 1/f = P;


			(1/do) + (1/– 0.25 m) = – 1.33 D, which gives do = 0.38 m =       38 cm.





42.	The 2.0 cm of a normal eye is the image distance for an object at infinity, thus it is the focal length of the lens of the eye.  To find the length of the nearsighted eye, we find the image distance (distance from lens to retina) for an object at the far point of the eye:


		(1/do) + (1/di) = 1/f;


		(1/17 cm) + (1/di) = 1/2.0 cm, which gives di = 2.27 cm.


	Thus the difference is 2.27 cm – 2.0 cm =      0.3 cm longer.





43.	We find the far point of the eye by finding the image distance with the lens for an object at infinity:


		(1/do1) + (1/di1) = 1/f1 ;


		(1/8) + (1/di1) = 1/– 25.0 cm, which gives di1 = – 25.0 cm from the lens,  or  26.8 cm from the eye.


	We find the focal length of the contact lens from


		(1/do2) + (1/di2) = 1/f2 ;


		(1/8) + (1/– 26.8 cm) = 1/f2 , which gives f2 =      – 26.8 cm.





44.	(a)	We find the focal length of the lens for an object at infinity and the image on the retina:


			(1/do1) + (1/di1) = 1/f1 ;


			(1/8) + (1/2.0 cm) = 1/f1 , which gives f1 =       2.0 cm.


	(b)	With the object 30 cm from the eye, we have


			(1/do2) + (1/di2) = 1/f2 ;


			(1/30 cm) + (1/2.0 cm) = 1/f2 , which gives f2 =       1.9 cm.





45.	We find the object distance for an image at her eye’s near point:


		(1/do) + (1/di) = 1/f = P;


		(1/do) + (1/– 0.100 m) = – 4.0 D, which gives do = 1.7 ´ 10–1 m =      17 cm.


	We find the object distance for an image at her eye’s far point:


		(1/do) + (1/di) = 1/f = P;


		(1/do) + (1/– 0.200 m) = – 4.0 D, which gives do = 1.0 m =      100 cm.





46.	The magnification with the image at infinity is


		M = N/f = (25 cm)/(11 cm) =      2.3´.





47.	We find the focal length from


		M = N/f;


		3.0 = (25 cm)/f, which gives f =      8.3 cm.





48.	(a)	We find the focal length with the image at the near point from


			M = 1 + N/f1 ;


			2.5 = 1 + (25 cm)/f1 , which gives f1 =      17 cm.


	(b)	If the eye is relaxed, the image is at infinity, so we have


			M = N/f2 ;


			2.5 = (25 cm)/f2 , which gives f2 =      10 cm.





49.	Maximum magnification is obtained with the image at the near point.  We find the object distance from


		(1/do) + (1/di) = 1/f;


		(1/do) + (1/– 25.0 cm) = 1/8.50 cm, which gives do =       6.3 cm from the lens.


	The magnification is


		M = 1 + N/f = 1 + (25.0 cm)/(8.50 cm) =      3.9´.
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50.	(a)	The angular magnification with the image at the near point is


			M = 1 + N/f = 1 + (25.0 cm)/(9.00 cm) =      3.78´.


	(b)	Because the object without the lens and the image with the 


		lens are at the near point, the angular magnification is also 


		the ratio of widths:


			M = hi/ho;


			3.78 = hi/(3.70 mm), which gives hi =      14.0 mm.


	(c)	We find the object distance from


			(1/do) + (1/di) = 1/f;


			(1/do) + (1/– 25.0 cm) = 1/9.00 cm, 


		which gives do =       6.62 cm from the lens.
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51.	(a)	We find the image distance from


			(1/do) + (1/di) = 1/f;


			(1/5.35 cm) + (1/di) = 1/6.00 cm, 


		which gives di =       – 49.4 cm.


	(b)	From the diagram we see that the angular 


		magnification is


			M 	= q ¢/q = (ho/do)/(ho/N) = N/do 


				= (25 cm)/(5.35 cm) =      4.7´.



































52.	(a)	We find the image distance from


			(1/do) + (1/di) = 1/f;


			(1/8.5 cm) + (1/di) = 1/9.5 cm, which gives di =       – 81 cm.


	(b)	The linear magnification is


			m = – di/do = – (– 81 cm)/(8.5 cm) =      9.5´.


	(c)	The angular magnification is


			M 	= q ¢/q = (ho/do)/(ho/N) = N/do 


				= (25 cm)/(8.5 cm) =      2.9´.


		Note that this is less than the linear magnification because the image is farther away.





53.	We find the focal length of the lens from


		M = N/f;


		3.0 = (25 cm)/f, which gives f = 8.3 cm.


	(a)	The magnification with the image at infinity is


			M1 = N1/f = (60 cm)/(8.3 cm) =      7.2´.


	(b)	The magnification with the image at infinity is


			M2 = N2/f = (18 cm)/(8.3 cm) =      2.2´.


	Without the lens, the closest an object can be placed is the near point.  A farther near point means a smaller angle subtended by the object without the lens, and thus greater magnification when the lens is used.





54.	The magnification of the telescope is given by


		M = – fo/fe = – (72 cm)/(2.8 cm) =      – 26´.


	For both object and image far away, the separation of the lenses is


		L = fo + fe = 72 cm + 2.8 cm =       75 cm.





55.	We find the focal length of the eyepiece from the magnification:


		M = – fo/fe ;


		– 25 = – (80 cm)/fe , which gives fe =      3.2 cm.


	For both object and image far away, the separation of the lenses is


		L = fo + fe = 80 cm + 3.2 cm =       83 cm.





56.	We find the focal length of the objective from the magnification:


		M = fo/fe ;


		8.0 = fo/(3.0 cm) , which gives fo =      24 cm.





57.	We find the focal length of the eyepiece from the power:


		fe = 1/P = 1/35 D = 0.0286 m = 2.86 cm.


	The magnification of the telescope is given by


		M = – fo/fe = – (95 cm)/(2.86 cm) =      – 33´.





58.	For both object and image far away, we find the focal length of the eyepiece from the separation of the lenses:


		L = fo + fe ;


		76.0 cm = 74.5 cm + fe , which gives fe = 1.5 cm.


	The magnification of the telescope is given by


		M = – fo/fe = – (74.5 cm)/(1.5 cm) =      – 50´.

















59.	For both object and image far away, we find the (negative) focal length of the eyepiece from the separation of the lenses:


		L = fo + fe ;


		33.0 cm = 36.0 cm + fe , which gives fe = – 3.0 cm.


	The magnification of the telescope is given by


		M = – fo/fe = – (36.0 cm)/(– 3.0 cm) =      12´.





60.	The reflecting mirror acts as the objective, with a focal length


		fo = r/2 = (6.2 m)/2 = 3.1 m.


	The magnification of the telescope is given by


		M = – fo/fe = – (310 cm)/(2.8 cm) =      – 110´.





61.	We find the focal length of the mirror from 


		M = – fo/fe ;


		– 120 = – fo/(3.3 cm), which gives fo = 4.0 ´ 102 cm =      4.0 m.


	The radius is


		r = 2fo = 2(4.0 m) =      8.0 m.





62.	For the magnification we have


		M = – fo/fe = – 130,   or   fo = 130fe .


	For both object and image far away, we have


		L = fo + fe ;


		1.25 m = 130fe + fe , which gives fe = 9.54 ´ 10–3 m =       9.54 mm.


	The focal length of the objective is


		fo = 130fe = 130(9.54 ´ 10–3 m) =      1.24 m.





�


63.	We assume a prism binocular so the magnification is positive, 


	but simplify the diagram by ignoring the prisms.  We find 


	the focal length of the eyepiece from the design magnification:


		M = fo/fe ;


		7.0 = (26 cm)/fe , which gives fe = 3.71 cm.


	We find the intermediate image formed by the objective:


		(1/doo) + (1/doi) = 1/fo ;


		(1/400 cm) + (1/doi) = 1/26 cm, which gives doi = 27.8 cm.


	With the final image at infinity (relaxed eye), the intermediate image will be at the focal point of the eyepiece lens.  From the diagram the angle subtended by the object is


		q = h/doi , 


	while the angle subtended by the image is


		q ¢ = h/fe .


	Thus the angular magnification is


		M = q ¢/q = (h/fe)/(h/doi) = doi/fe = (27.8 cm)/(3.71 cm) =      7.5´.





64.	The magnification of the microscope is


		M = N¬/fo fe = (25 cm)(17.5 cm)/(0.65 cm)(1.6 cm) =      420´.





65.	We find the focal length of the eyepiece from the magnification of the microscope:


		M = N¬/fo fe ;


		650 = (25 cm)(17.5 cm)/(0.40 cm) fe , which gives fe =      1.7 cm.











66.	(a)	The total magnification is 


			M = MoMe = (56.0)(12.0) =      672´.


	(b)	With the final image at infinity, we find the focal length of the eyepiece from 


			Me = N/fe ;


			12.0 = (25.0 cm)/fe , which gives fe =      2.08 cm.


		Because the image from the objective is at the focal point of the eyepiece, the image distance for 


		the objective is


			di = ¬ – fe = 20.0 cm – 2.08 cm = 17.9 cm.


		We find the object distance from the magnification of the objective:


			Mo = di/do ;


			56.0 = (17.9 cm)/do , which gives do = 0.320 cm.


		We find the focal length of the objective from the lens equation:


			(1/do) + (1/di) = 1/fo ;


			(1/0.320 cm) + (1/17.9 cm) = 1/fo , which gives fo =      0.314 cm.


	(c)	We found the object distance: do =      0.320 cm.





67.	(a)	Because the image from the objective is at the focal point of the eyepiece, the image distance for 


		the objective is


			dio = ¬ – fe = 16.0 cm – 1.8 cm = 14.2 cm.


		We find the object distance from the lens equation for the objective:


			(1/doo) + (1/dio) = 1/fo ;


			(1/doo) + (1/14.2 cm) = 1/0.80 cm, which gives doo =      0.85 cm.


	(b)	With the final image at infinity, the magnification of the eyepiece is 


			Me = N/f  = (25.0 cm)/(1.8 cm) = 13.9´.


		The magnification of the objective is 


			Mo = dio/doo = (14.2 cm)/(0.85 cm) = 16.7´.


		The total magnification is 


			M = MoMe = (16.7)(13.9) =      230´.








68.	(a)	We find the object distance from the lens equation for the eyepiece:


			(1/doe) + (1/die) = 1/fe ;


			(1/doe) + (1/– 25 cm) = 1/1.8 cm, which gives doe = 1.7 cm.


		The image distance for the objective is


			dio = ¬ – doe = 16.0 cm – 1.7 cm = 14.3 cm.


		We find the object distance from the lens equation for the objective:


			(1/doo) + (1/dio) = 1/fo ;


			(1/doo) + (1/14.3 cm) = 1/0.80 cm, which gives doo =      0.85 cm.


	(b)	With the final image at the near point, the magnification of the eyepiece is 


			Me = 1 + N/f  = 1 + (25.0 cm)/(1.8 cm) = 14.9´.


		The magnification of the objective is 


			Mo = dio/doo = (14.3 cm)/(0.85 cm) = 16.9´.


		The total magnification is 


			M = MoMe = (16.9)(14.9) =      250´.


























69.	(a)	We find the image distance from the lens equation for the objective:


			(1/doo) + (1/dio) = 1/fo ;


			(1/0.790 cm) + (1/dio) = 1/0.740 cm, which gives dio = 11.7 cm.


		For the relaxed eye, the image from the objective is at the focal point of the eyepiece: doe = 2.70 cm.


		The distance between lenses is


			¬ = dio + doe = 11.7 cm + 2.70 cm =      14.4 cm.


	(b)	With the final image at infinity, the magnification of the eyepiece is 


			Me = N/f  = (25.0 cm)/(2.70 cm) = 9.26´.


		The magnification of the objective is 


			Mo = dio/doo = (11.7 cm)/(0.790 cm) = 14.8´.


		The total magnification is 


			M = MoMe = (14.8)(9.26) =      137´.





70.	(a)	When lenses are in contact, the powers add:


			P =  P1 + P2 = (1/– 0.28 m) + (1/0.23 m) = + 0.776 D.


		It is a positive lens, and thus      converging.


	(b)	The focal length is


			f = 1/P = 1/0.776 D =      1.3 m.











































































































71.	(a)	We find the incident angle from


			sin q1 = h1/R = (1.0 cm)/(12.0 cm) = 0.0833, so q1 = 4.78°.


		For the refraction at the curved surface, we have


			sin q1 = n sin q2 ;


			sin 4.78° = (1.50) sin q2 , which gives sin q2 = 0.0556, 


		so q2 = 3.18°.


		We see from the diagram that 


			q3 = q1 – q2 = 4.78° – 3.18° = 1.60°.


		For the refraction at the flat face, we have


			n sin q3 = sin q4 ;


			(1.50) sin 1.60° = sin q4 , which gives sin q4 = 0.0419, 


		so q4 = 2.40°.


�


		If we use the law of sines for the triangle ABC, we have


			AB/sin (90° – q1) = h1¢/sin q2 ;


			AB/sin 85.22° = h1¢/sin 3.18°, which gives AB = 17.96h1¢.


		We see from the diagram that 


			h1¢ = h1 – AB sin q3 ;


			h1¢ = 1.0 cm – 17.96h1¢ sin 1.60°, which gives h1¢ = 0.666 cm.


		Thus the distance from the flat face to the point where the ray crosses the axis is


			d1 = h1¢/tan q4 = (0.666 cm)/tan 2.40° =      15.9 cm.


	(b)	We find the incident angle from


			sin q1 = h2/R = (6.0 cm)/(12.0 cm) = 0.500, so q1 = 30.00°.


		For the refraction at the curved surface, we have


			sin q1 = n sin q2 ;


			sin 30.00° = (1.50) sin q2 , which gives sin q2 = 0.333, so q2 = 19.47°.


		We see from the diagram that 


			q3 = q1 – q2 = 30.00° – 19.47° = 10.53°.


		For the refraction at the flat face, we have


			n sin q3 = sin q4 ;


			(1.50) sin 10.53° = sin q4 , which gives sin q4 = 0.274, so q4 = 15.91°.


		If we use the law of sines for the triangle ABC, we have


			AB/sin (90° – q1) = h2¢/sin q2 ;


			AB/sin 60.00° = h2¢/sin 19.47°, which gives AB = 2.598h2¢.


		We see from the diagram that 


			h2¢ = h2 – AB sin q3 ;


			h2¢ = 6.0 cm – 2.598h2¢ sin 10.53°, which gives h2¢ = 4.07 cm.


		Thus the distance from the flat face to the point where the ray crosses the axis is


			d2 = h2¢/tan q4 = (4.07 cm)/tan 15.91° =      14.3 cm.


	(c)	The separation of the “focal points” is


			?d = d1 – d2 = 15.9 cm – 14.3 cm =      1.6 cm.


	(d)	When h2 = 6.0 cm, the rays focus closer to the lens, so they will form a circle at the “focal point” 


		for h1 = 1.0 cm.  We find the radius of this circle from similar triangles: 


			h2¢/d2 = r/(d1 – d2);


			(4.07 cm)/(14.3 cm) = r/(1.6 cm), which gives       r = 0.46 cm. 





72.	For an object at infinity, the image will be in the focal plane, so we have d1 = f = 135 mm.


	When the object is at 1.40 m, we locate the image from


		(1/do) + (1/di) = 1/f;


		(1/1400 mm) + (1/di) = 1/135 cm, which gives di = 149 mm.


	Thus the distance from the lens to the film must change by 


		di – f = 149 mm – 135 mm =      14 mm.





73.	We find the object distances from


		(1/do) + (1/di) = 1/f;


		(1/do1) + (1/200.0 mm) = 1/200 mm, which gives do1 = 8;


		(1/do2) + (1/206.0 mm) = 1/200 mm, which gives do2 = 6.87 ´ 103 mm = 6.87 m.


	Thus the range of object distances is      6.87 m = do = 8.





74.	When an object is very far away, the image will be at the focal point di = f.  Thus the magnification is


		m = – di/do = – f/do , that is, proportional to f.





75.	If we recognize that the image is inverted, for the magnification we have


		m = hi/ho = – di/do = – 1, so di = do .


	We find the object distance from


		(1/do) + (1/di) = 1/f;


		(1/do) + (1/do) = 1/50 mm, which gives do =      100 mm.


	The distance between the object and the film is


		d = do + di = 100 mm + 100 mm =      200 mm.





76.	The magnification for a relaxed eye is


		M = N/f = NP = (0.25 m)(+ 8.0 D) =      2.0´.





77.	We find the focal lengths of the lens for the two colors:


		1/fred 	= (nred – 1)(1/R1 + 1/R2)


				= (1.5106 – 1)[(1/18.4 cm) + (1/8)] which gives fred = 36.04 cm.


		1/fyellow 	= (nyellow – 1)(1/R1 + 1/R2)


					= (1.5226 – 1)[(1/18.4 cm) + (1/8)] which gives fyellow = 35.21 cm.


	We find the image distances from


		(1/do) + (1/dired) = 1/fred ;


		(1/66.0 cm) + (1/dired) = 1/36.04 cm, which gives dired =      79.4 cm.


		(1/do) + (1/diyellow) = 1/fyellow ;


		(1/66.0 cm) + (1/diyellow) = 1/35.21 cm, which gives diyellow =      75.5 cm.


	The images are 3.9 cm apart, an example of chromatic aberration.





78.	We can relate the object and image distances from the magnification of the inverted image:


		m = hi/ho = – di/do ;


		(– 8.25 ´ 10–3 m)/(1.75 m) = – di/do ,   or   di = (4.71 ´ 10–3)do .


	We find the object distance from


		(1/do) + (1/di) = 1/f;


		(1/do) + [1/(4.71 ´ 10–3)do] = 1/200 ´ 10–3 m, which gives do = 42.7 m.


	Thus the reporter was standing      42.7 m     from his subject.





79.	We find the object distance from


		(1/do) + (1/di) = 1/f;


		(1/do) + (1/7.50 ´ 103 mm) = 1/100 mm, which gives do = 101 mm =      0.101 m.


	We find the size of the image from


		m = hi/ho = – di/do ;


		hi/(0.036 m) = – (7.50 m)/(0.101 m), which gives hi =      – 2.7 m.














80.	We find the focal length by finding the image distance for an object very far away.  


	For the first lens, we have


		(1/do1) + (1/di1) = 1/f1 ;


		(1/8) + (1/di1) = 1/(12.0 cm),   or, as expected,   di1 = 12.0 cm.


	The first image is the object for the second lens.  The first image is real, so the second object is 


	virtual: 


		do2 = – di1 = – 12.0 cm.  


	For the second lens, we have


		(1/do2) + (1/di2) = 1/f2 ;


		[1/(– 12.0 cm)] + (1/di2) = 1/(– 20.0 cm), which gives di2 = + 30.0 cm.


	Because the second image must be at the focal point of the combination, we have 


		f = + 30.0 cm (converging).





81.	We get an expression for the image distance from the lens equation:


		(1/do) + (1/di) = 1/f;


		1/di = (1/f) – (1/do),   or   di = fdo/(do – f ).


	If the lens is diverging, f < 0.  If we write f = – | f |, we get   di = – | f |do/(do + | f |).


	For a real object, do > 0.  


	All factors in the expression for di  are positive, thus di < 0, so the image is always virtual.


	We can have a real image, di > 0, if do < 0 (the object is formed by a preceding device and is behind the lens), and | do | < | f |, so the denominator is still positive.  Thus to have a real image from a diverging lens, the condition is


		0 < – do < – f.





82.	(a)  


			�





		We see that the image is real and upright, and estimate that it is 20 cm beyond the second lens.


	(b)	We find the image formed by the refraction of the first lens:


			(1/do1) + (1/di1) = 1/f1 ;


			(1/30 cm) + (1/di1) = 1/15 cm, which gives di1 = + 30 cm.


		This image is the object for the second lens.  Because it is in front of the second lens, it is a real 


		object, with an object distance of do2 = 50 cm – 30 cm = 20 cm.


		We find the image formed by the refraction of the second lens:


			(1/do2) + (1/di2) = 1/f2 ;


			(1/20 cm) + (1/di2) = 1/10 cm, which gives di2 = + 20 cm.


		Thus the final image is      real, 20 cm beyond second lens.


		The total magnification is the product of the magnifications for the two lenses:


			m 	= m1m2 = (– di1/do1)(– di2/do2) = di1di2/do1do2 


				= (+ 30 cm)(+ 20 cm)/(+ 30 cm)(+ 20 cm) = + 1.0.


		Thus the final image is      upright, same size as object.

















83.	(a)	We use the lens equation with  do + di = dT :


			(1/do) + (1/di) = 1/f ;


			(1/do) + [1/(dT – do) = 1/f .


		When we rearrange this, we get a quadratic equation for do :


			do2 – dTdo + dT f = 0, which has the solution


			do = ![dT ± �].


		If dT > 4 f, we see that the term inside the square root is positive: dT2 – 4dT f  > 0, 


		and � < dT , so we get two real, positive solutions for do .


	(b)	If dT < 4 f, we see that the term inside the square root is negative: dT2 – 4dT f  < 0, 


		so there are no real solutions for do .


	(c)	When there are two solutions, the distance between them is


			?d = do1 – do2 = ![dT + �] – ![dT – �EMBED Word.Picture.8���] =      �EMBED Word.Picture.8���.


		The image positions are given by


			di = dT – do = ![dT — �].


		The ratio of image sizes is the ratio of magnifications:


			m 	= m2/m1 = (di2/do2)/(di1/do1) = (di2/do2)(do1/di1) 


				= � =       �EMBED Word.Picture.8���.





84.	(a)	We find the focal length by finding the image distance for an object very far away.  


		For the first lens, we have


			(1/do1) + (1/di1) = 1/f1 ;


			(1/8) + (1/di1) = 1/f1 ,   or, as expected,   di1 = f1 .


		The first image is the object for the second lens.  If the first image is real, the second object is 


		virtual: 


			do2 = – di1 = – f1 .  


		For the second lens, we have


			(1/do2) + (1/di2) = 1/f2 ;


			[1/(– f1)] + (1/di2) = 1/f2 .


		Because the second image must be at the focal point of the combination, we have


			(– 1/f1) + (1/fT ) = 1/f2 , which gives 1/fT = (1/f1) + (1/f2).


		When we solve for fT , we get


			fT = f1 f2/( f1 + f2).


	(b)	If we use the intermediate result 1/fT = (1/f1) + (1/f2), we see that


			P = P1 + P2 .















































85.	The refraction equations for the two surfaces are all based on 


		n¢ sin q1 = n sin q2 ,   and   n sin q3 = n¢ sin q4 .


	Eq. 34–4 was derived based on having air (n¢ = 1) outside the lens.  We can make these equivalent to having air outside the lens, if we write them as


		sin q1 = (n/n¢) sin q2 ,   and   (n/n¢) sin q3 = sin q4 .


	Thus we see that we have an effective index, neff = n/n¢, to use in Eq. 34–4:


		�EMBED Word.Picture.8���


	The focal length in air is �so we have �


	Eq. 34–2 is derived using the focal points.  Thus, if we use the above focal length, the derivation is the same, so we have the same equation:


		�EMBED Word.Picture.8���


	Eq. 34–3 is derived by comparing heights and distances, so it is unchanged:


		m = hi/ho = – di/do .





86.	(a)	With a positive (converging) lens, Sam is     farsighted.


	(b)	The focal length of the lens is


			f = 1/P = 1/2.5 D = 0.40 m =      40 cm.


	(c)	The lens produces a virtual image at his near point:


			(1/do1) + (1/di1) = 1/f = P;


			(1/0.23 m) + (1/di1) = + 2.5 D, which gives di1 = – 0.54 m, so his near point is      56 cm.


	(d)	For Pam, we find the object distance that will have an image at her near point:


			(1/do2) + (1/di2) = 1/f = P;


			(1/do2) + (1/– 0.23 m) = + 2.5 D, which gives do2 = 0.15 m, which is      17 cm     from her eyes.





87.	To find the new near point, we have


		(1/do1) + (1/di1) = 1/f1 = P1 , when distances are in m;


		(1/0.35 m) + (1/di1) = + 2.5 D, which gives di1 = – 2.8 m.


	To give him a normal near point, we have


		(1/do2) + (1/di2) = 1/f2 = P2 ;


		(1/0.25 m) + (1/– 2.8 m) = P2 =      + 3.6 D.





88.	The actual far point of the person is 150 cm.  With the lens, an object far away is to produce a virtual image 150 cm from the eye, or 148 cm from the lens.


	We find the power of the lens from


		(1/do1) + (1/di1) = 1/f1 = P1 , when distances are in m;


		(1/8) + (1/– 1.48 m) = P1 =      – 0.68 D (upper part).


	The actual near point of the person is 40 cm.  With the lens, an object placed at the normal near point, 


	25 cm, or 23 cm from the lens, is to produce a virtual image 40 cm from the eye, or 38 cm from the lens.


	We find the power of the lens from


		(1/do2) + (1/di2) = 1/f2 = P2 ;


		(1/0.23 m) + (1/– 0.38 m) = P2 =      + 1.7 D (lower part).





89.	The maximum magnification is achieved with the image at the near point:


		M1 = 1 + N1/f = 1 + (15.0 cm)/(8.0 cm) =      2.9´.


	For the normal eye of an adult we have


		M2 = 1 + N2/f = 1 + (25.0 cm)/(8.0 cm) =      4.1´.











90.	The exposure is proportional to the intensity, the area and the time:


		Exposure µ IAt µ ID2t µ It/( f-stop)2.


	With the same shutter speed, the time is constant.  


	Because we want the exposure to be the same, we have


		I1/( f-stop1)2 = I2/( f-stop2 )2;


		I1/(5.6)2 = I2/(22)2, which gives       I2 = 16I1.


	Note that we have followed convention to use multiples of 2.





91.	(a)	The magnification of the telescope is given by


			M = – fo/fe = – Pe/Po = – (5.0 D)/(2.0 D) =      – 2.5´.


	(b)	To get a magnification greater than 1, for the eyepiece we use the lens with the smaller focal 


		length, or greater power:       5.0 D.





92.	(a)	When an object is very far away, the image will be at the focal point di1 = f.  


		From the magnification of the inverted image, we have


			m = hi/ho = – di/do , so we see that hi is proportional to di .


		When the object and image are the same size, we get


			hi/ho = – 1 = – di2/do2 , so do2 = di2 . 


		From the lens equation, we get


			(1/do2) + (1/di2) = 1/f ;


			(1/di2) + (1/di2) = 1/f, which gives di2 = 2f.


		The required exposure time is proportional to the area of the image on the film:


			t µ A µ (hi)2 µ (di)2.


		When we form the ratio, w get


			t2/t1 = (di2/di1)2 = (2f/f)2 = 4.


	(b)	For the increased object distances, we have


			(1/do3) + (1/di3) = 1/f ;


			(1/4f) + (1/di3) = 1/f, which gives di3 = 4f/3;  and  t3/t1 = (4/3)2 = 1.78.


			(1/do4) + (1/di4) = 1/f ;


			(1/5f) + (1/di4) = 1/f, which gives di4 = 5f/4;  and  t4/t1 = (5/4)2 = 1.56.


		These increased exposures are less than the minimal adjustment on a typical camera, so they are 


		negligible.





93.	The focal length of the eyepiece is


		fe = 1/Pe = 1/25 D = 4.0 ´ 10–2 m = 4.0 cm.


	For both object and image far away, we find the focal length of the objective from the separation of the lenses:


		L = fo + fe ;


		85 cm = fo + 4.0 cm, which gives fo = 81 cm.


	The magnification of the telescope is given by


		M = – fo/fe = – (81 cm)/(4.0 cm) =      – 20´.








Ch. 34   p. �	











