Physics 121 - Due by 5 p.m., Thursday, January 29, 2009 1

Physics 121 - Assignment #3

Include your name, Student ID number, T.A. name, and tutorial section number (e.g. D108) on
the first page of your assignment.

Show all your work for full credit.

Do the following problems from Physics for Scientists and Engineers Second Edition - A Strategic
Approach by Randall Knight.

1. 23.2 5. 23.48
2. 23.14

6. 23.50
3. 23.16
4. 23.20 7. 23.56



23.2 Light rays travel in straight lines in each medium. So, let the times in each medium be given
by tgiasss Loils tplastic- Using glass as an example we have

Ax

glass

tglass =

However, we know the speed of light in glass given its index of refraction:

C
Vglass =
Nglass

So, we can write

Ax Azngass 1.0 x 1072(1.50)
tolass = = 92 = = 0.050
glass ¢/Nglass c 3.0 x 108m/s e

Similarly, £,y = 0.243ns and tpqstic = 0.106ns. Thus, 1ot = tgiass + toit + tplastic = 0.40ns.

23.14 Question 2

Visualize:

Fisherman
in a boat

Diver

A ray that arrives at the diver 50° above horizontal refracted into the water at 6., = 40°.
Solve: Using Snell’s law at the water-air boundary

, , , M nier - (1.33) .
. — . . — water ., — . A (=]
ngsme, =n ..sinf . = smo, =—""siné —‘ To ‘sm 40
1.0 )

water
M

= 6, =58.7°

air —
Thus the height above the horizon is 8= 90° — ,, = 31.3° =~ 31°. Because the sun is far away from the fisherman
(and the diver), the fisherman will see the sun at the same angle of 31° above the horizon.



23.16. Model: Use the ray model of light. For an angle of incidence greater than the critical angle. the ray of
light undergoes total internal reflection.
Visualize:

1 adding

Solve: The critical angle of incidence is given by Equation 23.9:

Lol R . .1 1.48
6, =sin™| 222 | _ i 1{—}:67.7"
n 1.60

core

Thus, the maximum angle a light ray can make with the wall of the core to remain inside the fiber is 90° — 67.7°
=23.3°.
Assess:  We can have total internal reflection because 7eore > Metadding-

23.20. Model: Represent the diver’s head and toes as point sources. Use the ray model of light.
Visualize:

Apparent height

Actual height

Paraxial rays from the head and the toes of the diver refract into the air and then enter into your eyes. When these
refracted rays are extended into the water, the head and the toes appear elevated toward you.
Solve: Using Equation 23.13,

R . ,

57 = St Sy =——Sy
m n n

water water

5y =

Subtracting the two equations. her apparent height is

n_ 1.0

(55 —57)=——(150 cm ) =113 cm
(55 51) =35 (150 cm)

water

r Jo
Sy — S =




23.48. Model: Use the ray model of light and the law of refraction.

Visualize:
30° Py .
I
60°,
¢’full I P,
o half 50 cm
I
Meter stick "
0 429cm 65.1cm 86.6cm
.
f——x3——
I L o

Solve: (a) The ray of light strikes the meter stick at P, . which is a distance L from the zero mark of the meter
stick. So.

tan60° __L = L=(50cm)tan60°=86.6 cm
50 cm

(b) The ray of light refracts at Pyye and strikes the meter stick a distance x, +x, from the zero of the meter stick.
We can find x; from the triangle PgyPpyeO':

X
25 cm

We also have x, =(25 cm)tang,,.. Using Snell’s law,

tan 60° = = x, =(25 cm)tan 60° =43.30 cm

3 &)
n,, SIN60°=n__ sing . = ¢ = sin’l[ 91111;52

}: 40.63°

= x,=(25cm)tan40.63°=21.45cm = x, +x, =43.30 cm + 21.45 cm=64.8 cm

(c) The ray of light experiences refraction at Py and the angle of refraction is the same as in part (b). We get

tan g =§0xﬁé x;=(50 cm)tan40.63° =42.9 cm



23.50. Model: Use the ray model of light and the law of refraction. Assume the sun is a point source of light.
Visualize:

70°
I 20°

ewaer

k 40m o

When the bottom of the pool becomes completely shaded. a ray of light that is incident at the top edge of the
swimming pool does not reach the bottom of the pool after refraction.

Solve: The depth of the swimming pool is ¢ =4.0 m/tané___. We will find the angle by using Snell’s law. We
have

sin70° 40m

n - =
1.33 ) tan44.95°

water water

. § . il
8N, =1, 5n70°= 6. =sin {



23.56. Model: Use the ray model of light and the phenomena of refraction and dispersiomn.
Visualize:

S~

30°

Br glass Br air
N

50° [ >< . Vi
/ \iemd iolet

9“i0|d“= 30°
\60°

Solve: Since violet light is perpendicular to the second surface, it must reflect at 8,,,., = 30° at the first surface.
Using Snell’s law at the air-glass boundary where the ray is incident,

_nsing, (1.0)sin50°
sin30°

sing =1.5321

violet * wiolet violet

n, sing, =n -
s violet

Since M. = 1.02 ng, n, =1.5021. Using Snell’s law for the red light at the first surface

¢ S 5090
. : . [ L.0sin50°
n_,smé_, =n. s, = H_,=sm | ————
red Tad alr ar rad 15021 )

=30.664°

The angle of incidence on the rear face of the prism is thus & ;... = 30.664° — 30° = 0.664°. Using Snell’s law
once again for the rear face and for the red wavelength,

Y

.y mysng, . 1 1.5021sin0.664°
= 6, =sin 1‘ u‘ = sin { TIS 1=0.997°
n . )

\ air

nsiné . =n_sing

T Elr

Because 6,,,=0°and 6., =0.997°, ¢ =6, , -6, ., =0.997°=1.00°.

v oamr



