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Problem 4:

+x _2(150#10° km)(1000 m/km)

"X =ct, c=—=

t

Problem 5:

given by

sin" =

Sla

Problem 6:

@zomne00 gmin) 2" 10° m/s=[227 Mm /5]

At entry, nysin "1 =n,sin",

or 1.00sin30.G =150sin ",
", =195 .
Thedistance h thelighttravelsin themediumis

2.00 cm
h

_2.00cm _ FIG. P3521
= 05105 =2.12 cm.

cos"”, =

or

Theangle of deviation uponentry is
" =# $#,=300; $19.5 =105 .
Theoffset distance comes from

d=(221 cm)sin10.5 = :

sin"; =1.333sin 45;

sin"; =(1.33)(0.707) = 0943

n;sin”;=n,sin", 0 m=1.00
b%m
6, gﬁ

n,=1.33

"1 =70.5 # | 195; above the horizon ‘

FIG. P35.13



Problem 7:

P3544Assume thelifeguad@initial path makes angle *; with the
north-south nomal to the shoreling, and angle ", with thisnomal in
thewater. By Fermat@ principle, his path should follow thelaw of
refraction:
sin"; v 700 m/s I %sin" '
m=v—2=—1.40 m/s =5.000r ", =sin ! . 12.
Thelifeguad onlandtravels eastward a distance x = (160 m)tan";. Thenin the
water, hetravels 26.0 m" x = (20.0 mtan#, further east. Thus
26.0 m=(160 m)tan"; +(20.0 mtan ",

* in".'-
or 26.0 m=(160 m)tan ", +(20.0 m) tanq_sin#l§ln5 12 3
0 .

Thereisnoandytica solutionto thisproblem. A computer program isthe only way to
solvethis. A smpleway isto use for example an Excel table. You put thedegreesin
onecolumn and theaboveequdaion for the solution of the path length in the next column.

FIG. P3544

We homein onthesolution as follows:

", (deg) 500 60.0 540 548 5481
righthandside|222m [312m [253m |2599m |26.003m

Thelifeguard should start running at | 548; east of north |.

Problem 8:
T 5= T T ves
9 f p_ 0275m 100m 9 a= - '
Thus theimageis [ virtual |.

"q_, "0267

M = =" Topm = 00267 |
Thus theimageis [upright |(+m) and [diminished ](m|<1).




Problem 9:

For aconcave mirror, R andf are postive. Also, for an erect image, M is postive.
Theefore, M :"%=4 and q="4p.

11 1 1 1,1 3, : _
?_B+EI becomes 200em = - ap’ from which, p=[300cm|.
Problem 10:
With
_h"_+400cm _ _.49
M == oo om _+o.4oo_#p
q="0.40p

theimage mug bevirtud.

(@ Itisa mirror that produces a diminished upright virtual image.

(b) We must have
p+la|=420em=p"q
p=420cm+q
p=420cm" 0400p

420 cm
p= 140 =300 cm

The mirror is | at the 30.0 cm mark|.

111 1 1 1
S4==2= ¥ == =" 0.0500/cm f="20.0 cm
© p g f 30cm "0430cm) f /

The ray diagram looks like Figure 36.15(c) in the text.

Problem 11:

When R" #, theequdion describing imageformation at a single refracting surface
#n,& . o
becomes q=" p%ﬁrr]]—z( . We us thisto locate thefind images of thetwo surfaces of the
1
glass plate. First, find theimagethe glass forms of the bottom of the plate.
_JEL3 .
Oa é? 800 cm) =" 641 cm

Thisvirtud imageis 6.41 cm bdow thetop surface of theglass of 1841 cm
bdow thewater surface. Next, use thisimage as an object and locate theimage thewater
forms of the bottom of the plate.



O =" i%f‘(lsm cm) ="13.84 cmor

13.84 cm bdow thewater surface.
Now find imagethe water forms of thetop surface of theglass.

o1 »
% = gﬁf{uo cm)="902cm oOf

9.02 cm bdow thewater surface.
Therefore, the apparent thickness of theglassis "t =13.84 cm#9.02 cm = .

Problem 12
ng N _n n,p

For aplanesurface, Lyl M pyeomes =" —2=.
P q R N

Thus themagnitudes of therate of changein theimage and object postionsare

related by
dg

dt

If thefish swims toward thewall with a speed of 2.00 cm/s, the speed of the
imageis given by
dq
dt

dp
dt|”

_n
ny

100

= 1—33(2.00 cm/s) = .

Uimage —

Problem 13

answer: r



