2. The image 1s 10 cm behind the mirror and you are 30 cm in front of the mirror. You
must focus your eves for a distance of 10 cm + 30 cm = 40 cm.



7. We use Eqs. 34-3 and 34-4, and note that m = —i/p. Thus.

: 1 350 1
We solve for p: p= I—ﬁ] ——)j = ‘o ﬁl— 'r] =10.5 cm.
\ 2500

]
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—



43. We solve Eq. 34-9 for the image distance:

The height of the umage is

b, =mh, = =5.0 nm.

ﬁiAh B ﬂf’p ~ (75 nm)(1.80 m)
ph® p—f 27m-0075m



68. (a) A convex (converging) lens. since a real image 1s formed.
(b) Since7 =d—p and ilp = 1/2,

2d  2p40.0 cmy
pP= 3 = - - =26.7 cm
2

(c) The focal length 1s

-1

| 1
2 2(40.0
f :(1+lJ :[ L, 1 J _2d _ (- Clll) § %0 e

i p d/3 2d/3 9 9




101. THINK In this problem we convert the Gaussian form of the thin-lens formula to
the Newtonian form.

EXPRESS For a thin lens. the Gaussian form of the thin-lens formula gives (1/p) + (1/7)
= (1/f). where p 1s the object distance. 7 1s the image distance. and f1s the focal length. To
convert the formula to the Newtonian form. let p = f + x. where x is positive if the object
1s outside the focal point and negative if it is inside. In addition. let 7 = f + x". where 1" 1s
positive if the image 1s outside the focal point and negative if 1t 1s inside.

ANALYZE From the Gaussian form. we solve for 7 and obtain:

T
p—f
Substituting p = f + x gives
I+
x
With 7 = f+ x'. we have
+x :
it
X X

2

which leads to xx' = 7",

LEARN The Newtonain form is equivalent to the Gaussian form. and it provides another
convenient way to analyze problems involving thin lenses.



112. The water 1s medium 1. so 1ny = 7. Which we simply write as ». The air 1s medium 2.
for which 7> = 1. We refer to points where the light rays strike the water surface as 4 (on
the left side of Fig. 34-56) and B (on the right side of the picture). The point midway
between 4 and B (the center point in the picture) is C. The penny P 1s directly below C.
and the location of the “apparent™ or virtual penny is V. We note that the angle ZCVB
(the same as ZCVA4) is equal to 6. and the angle Z/CPB (the same as £/ CPA ) is equal to
6. The triangles C'VB and CPB share a common side. the horizontal distance from C to B
(which we refer to as x). Therefore.

x X
tan @, = - and tan®, = e

a

Using the small angle approximation (so a ratio of tangents is nearly equal to a ratio of
sines) and the law of refraction. we obtain

X
tan &, sin &, d, m d

— — - T — =R
tan &, sin 6, d

which yields the desired relation: d, = d/n.



