Reflection and Refraction Solutions

28-1. (a) The angle between the reflected ray and the normal is also 6.
(b) The angle between the reflected ray and the incident ray is 28.

28-2. (a) From the sketch, the beam would reflect 7 times.
(b) For ideal mirrors, the strength of the beam
would be undiminished. (For real mirrors,
there is a small loss upon each reflection.)

28-3. (a)The incident beam will now make an angle of
(30° + o) with the normal, and the reflected
beam will also make an angle of (30° + o) with
the normal. So the angle of reflection has
changed by o..

(b) From the diagram, the original beam
was deflected by (10.0 m) tan 30°
relative to where the normal to the
mirror hits the screen. When the mirror
is rotated by an angle «, the reflected
beam makes an angle of (30° + 2
with the original normal, and strikes
the screen a distance
(10.0 m) tan(30°+ 2¢x) relative to
where the original normal hits the
screen. So the change in the position of

the dot on the screen is
10.0 m tan(30° + 2¢¢) — 10.0 m tan30°

=10.0m(tan(30° + 2¢) - tan30°).

With o = 2°, the spot on the screen will
move

10.0 m[ tan(30° + 2(2°)) — tan 30 |° = 0.97 m. L

P,

10 m tan 30° \

10 m tan (30°+20)

28-4. (a) Your image also “approaches” the mirror at a speed v from the other side of the mirror. Your
speed relative to your image is 2v.
(b) Likewise, your image “walks away” from the mirror at the same speed as you do, so you and
your image recede from each other at a relative speed of 2v.

28-5. (a) The ball would make an angle @ to the normal.
(b) d = ? From the diagram, cos@ = w =d= —W— d
d cosf w
(c) “English” (for a pool ball) means “spin”. If the ball has some
spin on it friction with the side of the pool table could give the

ball a push or pull in some direction beyond a neat reflection.
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n,, sin@,

28-6. (a) 6,,,, =7 From n, sinf,, =n,, sin6,, = sin Optass =

s

glass

. n. sin@, . [ I(sin60°
= Gy = sin" | A—2L | =sin™" (—( - )) =35°.
Polass 1.5
(b) Since the glass surfaces are parallel, 8,,,., will be the same for
g P (3

the refracted beam entering the glass and again when the beam

approaches the second glass surface. Since 6, is the same, 6,; 60°
will be the same as well, 60°. P

—=1.61.
v]ight in diamond ( c ) nglass 1.50

ndiamond

28-7. (a) Viight in glass _ Pglass - M fiamond _ 242

(b) Since the light reflects, the angle of incidence and the angle of reflection are equal.

— 1.675-1.638
28-8. (8) Vyeq = Vopue = —— ——— = ¢| e Ted | = 3 005 10¥ %(————6 ): 4.05x10°m,
nred nblue nb]ue nred 1 675(1 638)
.638 (0.
() =7 From v=® mp=X % _MuX 1638( 0320 M) o 1.64x107%s,
r Vied . c 3.00x10° &
L
. . . N SINO,
28-9. (a) eblue light, glass — ? From R, S eair = ng]uss s eglass = sin eglass =——
glass
i SING. . - { 1(sin 36.00°
= eblue light, glass — sin”! M =sin™’ ((SI—H?,———)) =20.54°,
Mblue light, glass 1.675

]= 21.03°.

Mair sin euir .- ( I(Sin 36000)
— [~ S —_—
n 1.638

—cin!
(b) ered light, glass — Sin [

red light, glass

4 SINO,;
28-10. (a)6 M_g_r_

red light, water = = sin @, =

water

sin@

? From n, S Oair water

= nwater
nwater

i SN0, . - 1(sin41.00°
= ered light, water — Sin_l [M] =8m ! (MJ =29.53°.

n 1.3311

red light, water

) =29.48°.

My sin edu g ( l(sin 41.00° )
=Ssm _—_—
1.3330

— oin’]
(b) eyello\v light, water — sin [

nyellow light, water

(c¢) Since v= £, the light that slows down the most is the light with the larger index of refraction,
n

the yellow light.
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28-11. (a) Apparent depth = actual depth(hj =10.0 cm (m) =7.5cm.
n\vater °
(b) The coin appears magnified in that it seems closer, so it occupies a larger angle in your visual
field.

28-12. (a) The parallel rays of sunlight converge to the focal point of the lens. At this point the light is
sufficiently concentrated to ignite the paper. So the likely focal length of the lens is 15 cm.
(b) At other distances the sunlight would not be sufficiently concentrated to ignite the paper.

1 1 (d+ dd : S5x?
28-13. () /=7 From —++=1 S1l_[drd) . dd xO059 05¢ x
d d f f \ dd d+d,  x+05x 15x 3
2x(%) 22
) d =2 _ (32=—jx—=§x
do_f 2x—§ =5
d
2814, () d =L H
d~f x—f
hod d (%)
(b) b= FromM=—=--1 =p=—-ip =- xS h, =- h, .
h, d, d, x x—f

7.0 15
(c) d = A = (7.0 em)(15 cm) =-13 cm. Because d; is negative, the image is virtual.
x=f T70cm-15cm

P fh, __ (15 cm)(5.0 cm)

Yox~f 7.0cm—15cm
(d) For f=-15cm,

d = xf _ (7.0 cm)(—15 cm)

" x—f 7.0cm-(-15cm)

b 3 (—15 cm)(5.0 cm)

h=- = =+3.4 cm, a right-side up image.
x—f 7 cm—(—15 cm)

=+9.4 cm. Because 4, is positive, the image is right-side up.

=—4.8 cm, a virtual image.

df _ (25cm)(-33cm)

28-15.(a) d, = = =-14 cm, a virtual image.
d~f 25cm—(-33cm)
h d. -
by M=o f Clem 50
h d 25cm

[ [

(c) Because the magnification is a positive number, the image will be right-side up.

d,f _ 10.0 m(-0.045 m)
d,—f 10.0 m—(-0.045 m)
to the focal length of the lens, an object 10 meters away is essentially at infinity, so the image
appears at the focal length of the lens.

h d; (0045 m) _

by M=—=——= = _(0.0045.
h d 10.0 m

() [

28-16. (a) d, = =0.045 m =45 mm. This answer makes sense. Compared
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1 1 1 -
28-17. (@) dy =? From ——+—=4 = 1_1_1_d-=7f

d,"d f T4, f 4 4f
df (=22 cm)(15cm)

=d = = =89 cm.
d-f =22cm-15cm
by M=t 4 CRm_,q
h, d, 8.9cm

(c) With the object within the focal length you get an upright, magnified image. If the object
were located beyond the focal point the image would be upside down.

28-18. (a) f= 7 From ——4—=1 SL1_[d¥d) . dd _Q8em)Blem) ,, o
d d f f dd, d+d, 3.0cm+28cm

(b) The lens is a converging lens because only a converging lens can form real images.

1 (d : . .
28-19. (a) f =7 From ——+—L =L =>?=(d‘+d°J oo b (1OIMO0BmM) ooy 93 em.

d, d f dd, d+d, 1.9m+0.098m
h, d, d, .
(b) h,=? FromM =—+=~— =h=——h =— 0.8 cm (14 cm)=-0.72 cm. The image is
h, d, d, 190 cm
inverted and 0.72 cm in diameter.
1 1 .-
28-20. (a)d, =? From —l—+—1—=— = L l=d‘—f—

d, d f d, f d df
df (=22 cm)(2.2 cm)

=d, = = =2.0 cm.
d-f -22cm-22cm
h, . -
o Moo 4 2em
h, d, 2.0cm
28-21. The diagram shows you, looking at your Useful part of the mirror for

seeing your own reflection

reflection in a full-length mirror. Light
from your feet reflects symmetrically
from the mirror at point A into your
eyes. If we call the vertical distance
between your eyes and the floor
heye o0r » then the vertical distance

between point A and your eyes is
% Rege s100r - (If you were to look at a

point on the mirror below point A you’d
see the reflection of the section of floor
between your feet and the mirror.)
Likewise, light from the top of your
forehead reflects from point B into your
eyes. If we call the vertical distance
between your eyes and your forehead
Pege torenead » then the vertical distance
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between point B and your eyes is

I
2 heye-forehead .

The vertical distance between point A and point B is

1 — — 1 3 . . . .

3 heyefioor +J2-h(,‘ye_fmmld = -12-(heye_ﬂ°0r + heye_fmhead) =% (your height). This is the height of mirror
that you need in order to be able to see your entire self (the front part, anyway).

Note that due to the symmetric nature of reflection, the vertical distance between Point A and
your eyes will always be half of the vertical distance between the floor and your eyes,
independent of how far away from the mirror you stand and the vertical distance between Point B
and your eyes will always be half of the vertical distance between your forehead and your eyes.

So regardless of how far way from the mirror you stand you’ll still need a mirror only half your
height to see all of you.

28-22. The diagram below may help. The bee’s stinger is 0.9 m in front of the wall mirror, so
the image of the stinger is 0.9 m behind the wall mirror. This image is 2.1 m in front of
the small mirror, so the image of the image of the stinger will appear 2.1 m behind the
small mirror. Since the small mirror is 0.3 m from the bee’s face, the image of the image
of the stinger appears 2.4 m in front of the bee’s face.

Large
Image of Bee’s rwall Small Image. of (Image of Bee’s}
backside in large Real  irror backside in large mirror) in
mirror Bee the small mirror.
H @e
~ — - I SE—
0.9m 09m €.3 m .
— — 2.1 m /
2.1m \W

24m

¢
28-23. Viight in diamond _ (ndiamond ) Ry 1 —0.413~41%.

Viight in air ( c J Riamona ~ 2:42

: <
sin, v, w =n . .
28-24. '_L=_I=Zl=_2 = n,8inb, = n,sin,.
sinf, v, £ n
n, siné,
1 — M M — _ar air
28-25. From n, sin6,, =ng, sin@, = sin Opjags = —— 2
nglass
. | n,. sin@_ . _{ 1(sin37.0°)
= O =sin" | AL | =gjp ‘(——— =23.3°.
Pglass 1.52
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nair Sin eair

28-26. From n,, sinf,, =ny, sin€,, =sinf,, =
P lass
glass
. 4| n. sin@ . [ Wsin45°)
= Oy, =sin” | H—2L 1= in '(——— =28°.
s 1.50
n, sin@, M. sin@..
: — : : — _air amw — oin! air air
28-27. From ngu, sinQ,., =n, sinf, =sinb,,  =—"—3 =6 =sin [ )
’1\Vﬂlel’ n\Vﬂter

The critical angle is the angle the incident light beam makes with the normal in the water that
would result in the beam being refracted through an angle of 90° in the air. (It’s called the critical
angle because beyond this angle there is no more air to refract into, so the beam is totally
reflected off of air/water interface back into the water). Setting 8, = 90° we get

= ewaler =sin™ (—I(Sln 20 )) =48.8°.
1.33
: : . nair Sin euir s -1 nair Sil’l eair
28-28 From Mgiamond S111 gdiamond = Ry SIN eair = sin ediumond == = ediamond =Ssin -
Hdiamond Y Ldiamond
1(sin 90°
= ediamond = Sin_l (&) =244°.
2.42
1 1 1 d+d dd 40. .
28-29. f=7 From ~+ L =L S1_[d*d | o dd _(400ecm)@00em) 0. 27 em.
d d f f dd. d,+d, 80.0cm+40.0cm
1 1 1 d+d d.d. 1
28-30. f=? From —+l:— =>—f~:( . °) = f=—= (15cm)(30cm) =10 cm

~di+du 30cm+15cm

d, d [

28-31. d;=? The image will be sharp on the screen if the screen is located at the image distance.
_df _ 25m(0.300 m)

= = =0.34 m=34 cm.
d—f 25m-0300m
28-32, d=-%f _16em@0cm) 0o i 27em
d~f 16cm—-10cm
28-33, g =bf__ 16em(=10em) _ o,
d—-f 16cm—(-10cm)
d (dd" ) 10.0
2834 m=-b__\&f)___F __ D9 g2s.
d, d, d,—f 50.0 cm-10.0 cm
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28-35. d, =7 Because the lens is converging we know that f is positive. Because the image is real we
know that d; is positive.

From i+i=l N L= 1 __l__di—f —d = d.f :(ZOOCm)(ZOCm):22cm
d, d f d f d df d—-f 200cm—20cm
h. ) d. . } . .
28-36. h,=? From M =—‘=—-d—’ = h, =——"h,. Since we don’t know if the image is real or not

(equivalently, whether d, is positive or negative) we use absolute values:
4
2d.

1

|| =|—-5.0 cm=%(5.0 cm)=2.5 em.

28-37. The image between the lens and the screen is the image distance, d,. Since the image is real
(it forms on a screen) it will be inverted and A; will be negative.
h d, h. -1
From M=—t=-5 —g-_t, __Zl0em ) e 0.040m=40cm,
h d h 200 cm

0 (4] o

28-38. d. = df . 30 cm (20 cm)
d,~f 30cm-20cm
the height of the candle come into the equation.

=60 cm. Note that neither the index of refraction of the glass nor

28-39. f=7 “Width” is just “height” turned sideways. We can use the same magnification
equation for width as we can for height. Since the image from a single diverging lens is
always right-side up, A; (or w;) will be positive.

, . h 1(5.
From M=t __% =d =--1d =—M(10.0 cm)=-2.0 cm.
h, d, h, 5.0 cm
: d, . -2.
Fom Lo Lol _1_(d+d, o po G _ (100em(20em) o
d, d f i dd, d;+d, -20cm+10.0cm
28-40. f= ? Since the magnification is positive d, will be negative.
From M =—-Z—i =d, =-Md, =—(5.00)5.00 cm) = ~25.0 cm.
1 1 +d dd, . —25.
From L+_=l 1 d +d, o fo =(500<:m)( Socm)=—6.25cm.
d d f S d.d, d+d, -250cm+5.0cm
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