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_ 1 .
Ty = Eeo[Emam cos(kz —wt)]?" |
_1 B2 o air
= Z 60 max * 4 "
s gllass
Similarly, g = 4_ﬁ50 Bfnm. Since g = ug,
we have
_ 1 2
[=2ugc= 3 €0C-Epmants
1 2
=2Ugc=|— ¢B , and
2/-1/0 max
= (Tg +7Tp)c
1 1
= 1 eOCEﬁwa: + 4—/10 CB'anam
Question 6, chap 34, sect 3. I O
e " part 1of 2 “O0points e » N
: Refraction 02 (5800) Question 7, chap 34, sect 3.
) ) i part 2of2 O points -
Given: A ray approaching an interface. , Refraction 02 (5800)
: air
|

!
l
|
|
|
I

)
0
!

What is the approximate refracted ray? ) :
: What is the approximate refracted ray?

!
| 1. None of these
I

! air

air
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%

dent angles to the boundary in each medium,
respectively.

Solution: This is a straightforward appli-
cation of Snell’s law. We assume that the

surface of the transparent liquid is a level hor-

izontal plane, thus each angle with respect to
the Vertical represents the incident angle in
each medium.

The index of refraction of air is (nearly)

Vv el e e

Question 8, chap 34, sect 3.
part Lof 2 0 points
Flashlight Under Water (2546)

Given: The index of refraction of trans-
parent liquid (similar to water but with a

—ng=1.0-while theindex of refraction-of-trans=
- parent liquid is given as n,, = 1.33. The inci-

dent angle in the air is given to be §, = 44°.
Hence

sinfy  mg
sinf, %
sinfy, 1
sin(44°)  1.33
0.694659

~ sinfy, =

“different index of refraction) is 1.33.

A flashlight held under the transparent lig-
uid shines out of the transparent liquid in a
swimming pool. This beam of light exiting
the surface of the transparent liquid makes an
angle of 6, = 44° with respect to the vertical.

At what angle 6,, (with respect to the ver-
tical) is the flashlight being held under trans-
parent liquid?

Correct answer: 31.4866 ° (tolerance & 1 %).

Explanation:
Basic Concepts: Snell’s Law:

Ng Sin Oy = Ny sin Gy, ,

where n, and ng, are the indices of refraction
for each substance and 8, and 8,, are the inci-

1.33
6 = arcsin(0.5223)

0w =1|31.4866°|.

Question 9, chap 34, sect 3.
- part20of2 0 points
Flashlight Under Water (2546)

The flashlight is slowly turned away from
the vertical direction.

At what angle will the beam no longer be
visible above the surface of the pool?
Correct answer: 48.7534 ° (tolerance £+ 1 %).

Explanation:

This is solved in the same fashion as Part 1.
When the light ceases to be visible outside
the transparent liquid, then 6, > 90°. The
sin 90° = 1. Hence (from above),

sin @, = Tl
Ty
@, = arcsin —L
v 1.33
B, = |48.7534°|.

part 1of 1 0 points

)?uestion 10, chap 34, sect 3.
Coin in a Beaker (1186)
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Given: A virtual object is located to the
right of a divergent mirror. The object’s dis-
tance from the mirror and its focal length are
shown in the figure below. 3‘ T

S~ @

[ ]
e

f
-19 19
! Y
-
ol . |
Which diagram correctly shows the image? 4. .
, 7 f
L [ | - L1
oo 19 , —19
0 wl =7/
) " Explanation:
119 I 19I 5
= 0. g T .
7 12, .. oY
P . ) —'; ’\\ ,x\\ |
P
S/ *~\\\\§:~
‘. : T ?L“ “;‘ ————————— —
2 =.~ i B 4 .
-19 ,-19
\ 0 _ Y e —Y
M 12 ! 7 f
E"' S Basic Concepts:
e I | o111
v 19 , —19 o
g — pq f
0 !l 7/ o |
' where f < 0 for a divergent mirror.
Solution:
. 11t
£ . ¢ f
(—-12) 1

)
©
~
Sy
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A coin is at the bottom of a beaker.
The beaker is filled with 3.5 cm of wa-
ter (ny = 1.33) covered by 2.5 cm of.
liquid (ng = 1.4) floating on the water.

= 1.58271 cm.
Alternate Solution: Light coming straight
up from the coin falls on each interface at
0° and continues straight up. Consider light
making a 1° anglé (therefore we can use the
small angle approximation) with the vertical
in the water. It enters the liquid a distance

(3.5 cm) tan 1° ~ (3.5 cm) x 61u

=0:0610865-cm

How deep does the coin appear to be from
the upper surface of the liquid (near the top
of the beaker)? .
Correct answer: 4.41729 cm (tolerance + 1

%).

Explanation:

from the vertical ray. In the liquid its angle
with the vertical is given by

1.33 sin 1° = 1.4 sinfy

62 = 0.950001°

This same ray reaches air at distance

- Basic Concept: Snell’s Law

n1sinf; = ngsinfy.

For small angles

' x
inf ~tanf = —.
sin an 7

The appearance of the width of the coin z
remains the same. From Snell’s Law, we have

n' 2 — n 2
4 T
-Therefore
b
F= ng’
since ny ~ 1 for air and the apparent distance
d=1.
Solution:
d= _l.?_ + _ll_
ng Ny ,
_25cm n 3.5 cm
14 1.33 ‘
= (1.78571 cm) + (2.63158 cm)
=4.41729 cm .

- The coin appears to be closer to the surface

by
(3.5 cm) + (2.5 cm) — (4.41729 cm)

(0.0610865 cm) + (2.5 cm) tan(0.950001°)
=0.102538 cm,

from the vertical ray, and the angle of refrac-
tion is found from

1.4 5in(0.950001°) = 1 sin 3

05 = 1.3%°

~ Your brain automatically finds the intersec-

tion of this ray with the vertical ray, at an
apparent depth of

0.102538 cm  0.102538 cm
tan(1.33°) ~ 0.0232129 rad
=4.41729 cm..

Rays for all other small angles with the ver-
tical appear to diverge from the image of the
coin at this depth.

Question 11, chap 34, sect 4.
part 1of 1 0 points
Mirror Divergent Diagram (5004)

Hint: The convergent mirror in this prob-
lem is a part of a lens/mirror system so the
object in this problem may be either real or
virtual. Construct a ray diagram.
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_ —(19) = (-12)
- 19 f
=T
= m
-19
q = —,7— f.

The magnification m of this mirror is

e
e

_an
D1

m =

‘Question 12, chap 34, sect 4.
part 1of 1 0 points
Mirror Convergent Diagram (5002)

Hint: The convergent mirror in this prob-
lem is a part of a lens/mirror system so the
object in this problem may be either real or

.+ virtual. Construct a ray diagram.

Given: A virtual object is located to the
right of a convergent mirror. The object’s
distance from the mirror and its focal length
are shown in the figure below.

Ry ¥

|
19
0 ﬁf

Which diagram correctly shows the image?

19 19
12

f
L
19 19

L]

19 | 19
037/ 37
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4. .

12

31
12

=37

Question 13, chap 34, sect 5.
part 1of 2 0 points
Lens A 01 (4699)

A-~-convergent-lens—has—a—focal-length—of

6.7 cm . The object distance is 10.8 cm .

... * h/

19, -19
TR TR
Basic Concepts:
1,11
p g [

where 0 < f for a convergent mirror.
Solution:

11,1
g p f
-12) 1
1)1
19f  f
_ —(=12) +(19)
N 19f
_ 3
T 19f
19
=73 e
The magnification m of this mirror is
-4
p1
19
!
—= f

-12

., ..."

....0......000000000000:

Scale: 10. cm =+

Find the distance of the image from the
center of the lens.
Correct answer: 17.6488 cm (tolerance +1

%).

Explanation:
1 1 1 4 q
4=z M=—=_-1
p g f h  p

Convergent Lens f>0
oo>p>f f<g<oo 0>M>-—o00

Note: The focal length for a convergent
lens is positive, f = 6.7 cm.
Solution: Substituting these values into the
lens equation

_ 1
TTI
f p
_ 1
- 1 _ 1
(6.7cm) (10.8 cm)
=|[17.6488 cm |.

L I SO [ —
e
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Question 14, chap 34, sect 5.
part 20f 2. 0 points
Lens A 01 (4699)

Find the magnification.

Correct answer: —1.63415  (tolerance + 1

Note: The focal length for a divergent lens
is negative, f = —20 cm.
Solution: Substituting these values into the
lens equation

o part 1 of 2

%).
Explanation:
M=-1
P
__ (17.6488 cm)
(10.8 cm)
=]-1.63415/.

Questibn 15, chap 34, sect 5.

Opoitits
Lens A 02 (4700)

A divergent lens has a focal length of 20 cm .
The object distance is 18.2 cm. ,

Scale: 10 cth =s————

Find the distance of the image from the .

center of the lens.
Correct answer: 9.5288 cm (tolerance + 1

%).

Explanation:
1 1 1 _ KW q
p g f _h o p

Divergent Lens f<0
co>p>0 f<g<0 O0<M<1

~Find-the magnification:

(—=20 cm)  (18.2 cm)
= —0.5288 cm

~ g/ ={9.5288 cm|.

Question 16, chap 34, sect 5.
part 20f2 0 points
Lens A 02 (4700)

Correct answer: 0.52356 (tolerance + 1 %).

Explanation: .

M=-

ESRES

(—9.5288 cm)
(18.2 cm)

=10.52356 |.

Question 17, chap 35, sect 3.
part 1of 1 0 points
Double Slits 02 JMS (2053)

The second-order bright fringe (m = 2) is
4.5 cm from the center line.

[ 1
g
L0

| S
|
(>
g
§

S
s
3
3
>

Determine the wavelength of the light. Be
sure to use the small angle approximation,
sin(0) ~ 0
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‘Correct answer: 562.5 nm (tolerance + 1 %).

In a diffraction/interference experiment,
identical slits are illuminated by a laser beam.

Explanation:
P “The intensity pattern shown in the figure is
: observed on a screen a large distance from the
Let: y=45cm, slits.
L=12m. and The figure below, shows a plot of the in-
‘ ‘ ’ tensity of the light at a distance along the
d=0.03 mm, .|
screen‘. J NS
£S5 @Sy ~90° P T | ’,P
o
e \) §§ =
slﬂ s ,;,L Q/tan £ l

- For constructive interference
AL

ybright = a m, (1)
with m =2, yo = 0.045 m, L = 1.2 m, and
d=3x10"°m

ays
A=
mL
_ (8% 107%m) (0.045 m)
h (2) (1.2 m)
=5625x 107" m
= 562.5nm.

Question 18, chap 35, sect 4.
part LTof 1 0 points
Multiple Slits (5086)

How many slits are illuminated?

1. four slits
2. seven slits
3. eight slits
4. five slits
5. one slit

6. six slits

7. three slits
8. two slits

9. more than eight slits
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Explanation:

Basic Concepts: Multiple Slit Interfer-
ence and Single Slit Diffraction

This interference pattern (shown in the
question) is the combination of a multiple
five slit interference pattern

) , A A Y
If there were two secondaryypaxi ur
slits are illuminated. pr maM

If there were three secondary;/(ilaxima, five
slits are illuminated, etc. ’L/’Voe
Consequently, in this problem (as shown

' in the question) there are three secondary
L minima which indicates that there are five

slits illuminated.

Question 19, chap 35, sect 1.
part Lof 2 0 points

single slit diffraction pattern.
Solution: If only one slit was illuminated,
the intensity pattern is the envelope of the
peak maxima as shown in the figure above,
which is single slit “Fraunhofer” diffraction.
If two slits were illuminated, the intensity
pattern is the envelope of the peak maxima as
shown in the figure below, which is double slit
“Fresnel” interference.

Secondary maxima occur WlAe}a morg;f[ﬁan
two slits are illuminated.

RS iﬂ. o "'.‘»,‘.{ f A
If there was one secondary/}fd;xi
tween the central peak and the firs
peak, three slits are illuminated.

arge

Coating on a Camera Lens (1167)

A thin film of cryolite (n, = 1.35 ) is ap-
plied to a camera lens (ng = 1.5 ). The
_coating is designed to reflect wavelengths at

~ the blue end of the spectrum and transmit

wavelengths in the near infrared.

What minimum thickness gives high reflec-
tivity at 450 nm?
Correct answer: 166.667 nm (tolerance + 1

%). X2

Explanation:

For camera lens coating of cryolite (n., =
'1.35) over glass (ng = 1.5), high reflectivity is
achieved for

2nct1 :mAl.

Here we have taken into account that high
reflectivity is achieved for constructive inter-
ference. The phase changes at both the “air-
cryolite” and the “cryolite-glass” surfaces is
¢ =180° (ngir = 1 < ne < ng).

Note: Two phase changes of 180°.

For minimum thickness m =1

T 2n,
450 nm

T 2x1.35
= 166.667 nm .

1




Question 20, chap 35, sect 1.
part 20f2 0 points
Coating on a Camera Lens (1167)

What minimum thickness gives high trans-
mission at 900 nm?

~ Correct answer: 1166.667 nm (tolerance +1

%)
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Where Pre flection = T

Let: L=2m -
d
h=3
Ay =1.2mm.

Solution: If the difference in path length

Explanation:
Under the same conditions low reflectivity
is achieved for

. .
2Nt = (m—l—i) Ag .

is §, the phase difference due to the unequal
path lengths is :

2w -
¢path:k5:_j\“5- (1)

51 is the source and S5 is its image. P

For minimum thickness m = 0 / 8,08 ~ 90° : [
ty = 22 d=2h S
4ne BYEAN - b
900 nm_ $__—7 - L) 53] |
T Ix135 d>] T —— - bo————p
= 166.667 nm. SQA\A/— 6~ dsing~ry— 1
’ L

Question 21, chap -1, sect -1.
part 1of 1 0 points
Lloyds Mirror 01 (4793)

Interference fringes are produced at point
P on a screen as a result of direct rays from a
606 nm wavelength source and reflected rays
off the Lloyd’s mirror as in the figure. Fringes
1.2 mm apart are formed on a screen 2 m from
the source S.

P

viewing
screen

Mirror
2m

Find the vertical distance h of the source
above the reflecting surface.
Correct answer: 0.505 mm (tolerance &= 1 %).

Explanation:
Basic Concepts: Inten31ty maxima occur
when the two waves have a phase difference

¢ =0, 2m, 4w, -0 = ¢path + ¢'reflectz'on )'

This diagram shows the similarity between
the Lloyd’s mirror apparatus and Young’s
double slit experiment. The difference be-
tween the two experiments is that there is a
180° phase change at the reflecting mirror.

. d oy '
sme—ﬁ—f.- (2)

In the small angle approximation -

Q

=

‘eN

<>, D“Io”

ST 2

where the height of the hgh’c source above the
mirror is h = 5
So maxima occur at

¢path = 2T7r 0= ¢ - ¢7‘e flection
=(0, 27, 4m, ---)—
= —7 (below O)
7 (15 max)
37 (2° max), - - -
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The central minimum (at the bottom of the
mirror) is a dark fringe, since the reflected
light produces a 180° phase change.
Solution: The separation between maximum
(or minima) on the screen is given in the
problem Ay = 1.2 mm, and the separation in
path difference is
A

Solving Eq. (3) for h, we have

md .

h=mL o o
_ mA
_§—A_y

_16.06 x 10~"m

2(0.0012m) ™

where m = 1.




