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This print-out should have 43 questions.
Multiple-c hoice questions may continue on
the next column or page { ¯nd all choices
before answering. The due time is Central
time.

Electromagnetic W ave 01
34:02, trigonometry, numeric, < 1 min, nor-
mal.

001 (part 1 of 1) 10 points
The electric ¯eld in an electromagneticwave
(in vacuum) is described by

E = Emax sin(k x ¡ ! t);

whereEmax = 100N=C and k = 1 £ 107 m¡ 1.
The speedof light is 2:99792£ 108 m=s.
Find the amplitude of the corresponding

magnetic wave.
Correct answer: 3:33564£ 10¡ 7 T.
Explanation:

Let : c = 2:99792£ 108 m=s and
Emax = 100N=C :

The relation between the magnitude of the
electric ¯eld and that of the magnetic ¯eld for
an electromagneticwave is given by

B =
E
c

:

Thus, the magnitude of the magnetic wave is

Bmax =
Emax

c

=
100N=C

2:99792£ 108 m=s

= 3:33564£ 10¡ 7 T :

keywords:

Serw ay CP 21 50
34:03, trigonometry, numeric, > 1 min, nor-
mal.

002 (part 1 of 1) 10 points
The eye is most sensitive to light of wave-
length 5:5 £ 10¡ 7 m, which is in the green-
yellow region of the visible electromagnetic
spectrum.

The speedof light is 3 £ 108 m=s.
What is the frequency of this light? Your

answer must be within § 0.1%.
Correct answer: 5:45455£ 1014 Hz.
Explanation:

Let : ¸ = 5:5 £ 10¡ 7 m and
c = 3 £ 108 m=s:

The frequencyis

f =
c
¸

=
3 £ 108 m=s
5:5 £ 10¡ 7 m

= 5:45455£ 1014 Hz :

keywords:

Cable Energy Flux short
34:04,trigonometry, numeric, > 1 min, ¯xed.

003 (part 1 of 1) 10 points
The cable is carrying the current I (t).

Evaluate the electromagneticenergy°ux S
at the surfaceof a long transmission cable of
resistivit y ½, length ` and radius a, using the

expression~S =
1
¹ 0

~E £ ~B :

1. S =
¼a2 I 2

½̀

2. S =
½̀ I 2

¼a2

3. S =
¹ 0 ½I 2

¼a2

4. S =
¹ 0 ²0 ½I 2

¼a2

5. S =
¹ 0 cI 2

4¼a2 `

6. S =
I 2

4¼¹ 0 c`

7. S =
½I 2

2¼2 a3 correct
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8. S =
²0 ¹ 0 I 2

2¼a2

9. S =
¹ 0 I 2

2¼a2

10. Noneof these.

Explanation:
The basic expressionfor the Poynting Vec-

tor is
~S =

1
¹ 0

~E £ ~B :

Basedon Ampere'slaw, B =
¹ 0 I
2¼a

;

and Ohm's law is E ´
V
`

=
I R
`

=
½I
¼a2 ;

sinceR ´
½̀

¼a2 :

It is easyto seethat ~E and ~B are perpen-
dicular to each other.

Sothe energy°ux can be written down as

S =
1
¹ 0

½I
¼a2

¹ 0 I
2¼a

=
½I 2

2¼2 a3 :

Note: Also, we have

S =
E 2

¹ 0 c
=

½2 I 2

¹ 0 c¼2 a4

S =
cB 2

¹ 0
=

c¹ 0 I 2

4¼2 a2 ;

which are not given aschoices.

keywords:

Cosmic Micro wave Radiation
34:04, trigonometry, numeric, > 1 min,
wording-variable.

004 (part 1 of 1) 10 points
In 1965 Penzias and Wilson discovered the
cosmic microwave radiation left over from
the Big Bang expansion of the universe.
The energy density of this radiation is 4 £
10¡ 14 J=m3.

The speed of light 2:99792£ 108 m=s
and the permeability of free space is 4¼£
10¡ 7 N=A2.

Determine the corresponding electric ¯eld
amplitude.
Correct answer: 0:095054 V=m.
Explanation:

Let : ¹ o = 4¼£ 10¡ 7 N=A2 ;
c = 2:99792£ 108 m=s; and
u = 4 £ 10¡ 14 J=m3 :

The averagepoynting vector is given by

hSi =
E 2

2¹ o c
: (1)

From this expressionwe can solve for E in
terms of the energydensity u knowing that

u =
hSi
c

and from this we get the electric ¯eld as

E =
p

2¹ o c2 u (2)

=
q

2(4¼£ 10¡ 7 N=A2)

£
q

(2:99792£ 108 m=s)2

£
q

(4 £ 10¡ 14 J=m3)

= 0:095054V=m :

or

E =

r
2u
²0

(3)

=
p

2¹ o c2 u ; (2)

since²0 =
c2

¹ 0
; we have the sameEq. 2.

keywords:

Electromagnetic Poin t Source
34:04, trigonometry, numeric, > 1 min, nor-
mal.

005 (part 1 of 1) 10 points
At what distance from a 100 W electromag-
netic wave point source(lik e a light bulb) is
the amplitude of the electric ¯eld 15 V=m?
¹ o c = 376:991­ :
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Correct answer: 5:16398 m.
Explanation:

Let : P = 100W ;
Emax = 15 V=m ; and

¹ 0 c = 376:991­ :

The wave intensity (power per unit area) is
given by

I = Sav

=
E 2

max

2(¹ o c)

=
(15 V=m)2

2(376:991­)

= 0:298416W=m2 :

The constant ¹ o c (impedanceof free space)
turns out to be 120¼­.

You should verify that (V =m)2­ = W=m2.
With this we can ¯nd the intensity, which
multiplied by the area of a circle of radius R
must givesus the source'spower P, therefore

4¼R2 I = P = 100W :

Solving for the radius we get,

R =

r
P

4¼I
=

s
100W

4¼(0:298416W=m2)

= 5:16398m :

keywords:

Electromagnetic W ave 05
34:04,trigonometry, multiple choice,< 1 min,
wording-variable.

006 (part 1 of 1) 10 points
Consider a monochromatic electromagnetic
plane wave propagating in the y direction.
At a particular point in space,the magnitude
of the electric ¯eld is pointing in the positive
z-direction.

The permeability of free spaceis 1:25664£
10¡ 6 N=A2, the permittivit y of free spaceis

8:85419£ 10¡ 12 C2=N=m2 and speedof light
is 2:99792£ 108 m=s.

y

z

x

E

wave propagation

What are the directions of the instanta-
neous magnetic ¯eld and the instantaneous
Poynting vector respectively?

1. bB = {̂ and bS = |̂ correct

2. bB = {̂ and bS = |̂ + k̂

3. bB = {̂ and bS = k̂

4. bB = |̂ and bS = k̂

5. bB = |̂ and bS = {̂

6. bB = k̂ and bS = {̂

7. bB = k̂ and bS = |̂

8. bB = |̂ + k̂ and bS = {̂

9. bB = k̂ + {̂ and bS = |̂

10. bB = {̂ + |̂ and bS = k̂

Explanation:
~E and ~B must be perpendicular to each

other and both of them must also be perpen-
dicular to the direction of wave propagation.
Since~E is in the k̂ direction and the direction
of propagation is in the {̂ direction, ~B must
be in the {̂ direction. The Poynting vector is
in the direction of propagation of the wave,
{̂. You can seethis from the de¯nition of the
Poynting vector, ~S =

1
¹ 0

~E £ ~B and k̂ £ {̂ = |̂ .

keywords:

Laser Power



VersionOne { Homework 4 { Juyang Huang { 24018{ Mar 28, 2008 4

34:04, trigonometry, numeric, > 1 min, nor-
mal.

007 (part 1 of 2) 10 points
A 10 mW laser has a beam diameter of
1:6 mm.

The speedof light is 2:99792£ 108 m=s.
What is the intensity of the light, assuming

it is uniform acrossthe circular beam?
Correct answer: 4973:59 W=m2.
Explanation:

Let : P = 10 mW = 0:01 W ; and
r = 0:8 mm = 0:0008m :

Since the intensity of a wave is de¯ned as
power delivered per unit area, our laser has
an intensity

I =
P

¼r 2

=
0:01 W

¼(0:0008m)2

= 4973:59 W=m2 :

008 (part 2 of 2) 10 points
What is the average energy density of the
beam?
Correct answer: 1:65901£ 10¡ 5 J=m3.
Explanation:

Let : c = 2:99792£ 108 m=s:

With the intensity I , which is alsothe average
value of the Poynting vector S, we get the
averageenergydensity u which satis¯es

I = S = cu ;

therefore

u =
I
c

=
4973:59 W=m2

2:99792£ 108 m=s

= 1:65901£ 10¡ 5 J=m3 :

keywords:

Power of the Sun
34:04, trigonometry, numeric, > 1 min,
wording-variable.

009 (part 1 of 2) 10 points
The Sun delivers an average power of
1340 W=m2 to the top of the Earth's atmo-
sphere.

The permeability of free space is 4¼£
10¡ 7 T ¢N=A and the speed of light is
2:99792£ 108 m=s.

Find the magnitude of Em for the electro-
magneticwavesat the top of the atmosphere.
Correct answer: 1004:81 N=C.
Explanation:

Let : ¹ 0 = 4¼£ 10¡ 7 T ¢N=A ;
c = 2:99792£ 108 m=s; and

I avg = 1340W=m2 :

I avg =
E 2

max

2¹ 0 c
.

Thus we have

Emax =
p

2¹ 0 cI avg

=
q

2(4¼£ 10¡ 7 T ¢N=A)

£
q

(2:99792£ 108 m=s)(1340W=m2)

= 1004:81 N=C :

010 (part 2 of 2) 10 points
Find the magnitude of Bm for the electromag-
netic wavesat the top of the atmosphere.
Correct answer: 3:35168£ 10¡ 6 T.
Explanation:

The magnitude of Bm for the electormag-
netic wavesis

Bmax =
Emax

c

=
1004:81 N=C

2:99792£ 108 m=s

= 3:35168£ 10¡ 6 T :

keywords:
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Poyn ting Vector for a Wire
34:04, trigonometry, numeric, > 1 min, nor-
mal.

011 (part 1 of 1) 10 points
A long, straight wire of resistance5 ­, radius
0:3 mm, and length 1 m carries a constant
current 2 A.

Calculate the Poynting vector at the surface
of the wire.
Correct answer: 10610:3 W=m2.
Explanation:

Let : R = 5 ­ ;
a = 0:3 mm = 0:0003m ;
` = 1 m ; and
I = 2 A :

The surfaceareaof the wire is

A = 2¼(0:0003m) (1 m) = 0:00188496m2 :

Let us ¯nd the magnitude of the electric
¯eld ~E along the wire. If V is the potential
di®erenceacross the ends of the wire, then
V = I R and

E =
V
`

=
I R
`

:

Applying Ampµere'slaw, we ¯nd that that the
magnetic ¯eld at the surfaceof the wire is

B =
¹ 0 I
2¼a

:

The vectors ~E and ~B aremutually perpendic-
ular, so j~E £ ~B j = E B . Hence,the Poynting
vector ~S hasa magnitude

S =
E B
¹ 0

=
1
¹ 0

I R
`

¹ 0 I
2¼a

=
I 2 R

2¼a`

=
I 2 R

A

=
(2 A )2 (5 ­)

0:00188496m2

= 10610:3 W=m2 :

Form this result, we seethat

S A = I 2 R ;

that is, the rate SA at which electromagnetic
energy °ows into the wire equals the power
I 2R (i.e., rate of energy) dissipated as Joule
heat.

keywords:

Serw ay CP 21 48
34:04, trigonometry, numeric, > 1 min, nor-
mal.

012 (part 1 of 1) 10 points
Assume that the solar radiation incident on
Earth is 1340W=m2 (at the top of the atmo-
sphere).

Find the total power radiated by the Sun,
taking the averageseparation betweenEarth
and the Sun to be 1:49£ 1011 m.
Correct answer: 3:73841£ 1026 W.
Explanation:

Let : I = 1340W=m2 and

r = 1:49£ 1011 m :

At Earth's location, the wavefronts of the
solar radiation aresphereswhoseradius is the
Sun-Earth distance. Since

I =
P
A

=
P

4¼r 2 ;

the total power is

P = 4¼r 2 I
= 4¼

¡
1:49£ 1011 m

¢2 ¡
1340W=m2¢

= 3:73841£ 1026 W :

keywords:

Ligh t Bulb Emission
34:05, trigonometry, numeric, > 1 min, nor-
mal.

013 (part 1 of 2) 10 points
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Considera light bulb S emitting light isotrop-
ically, (i.e. uniformly in all directions), with
a power of 40 W. The paper is 1 m away and
has an area of 0:04 m2 ; with the coe±cient

of re°ection
1
3

; i.e.,
1
3

of the light intensity

is re°ected, and
2
3

of the light intensity is

absorbed.

r

S

Q

¢ A

Determine the intensity at point Q.
Correct answer: 3:1831 W=m2.
Explanation:

Basic Concepts: Radiation intensity due
to a point sourceis given by

I =
P

4¼r 2 :

Radiation pressureon a perfectabsorbingsur-
faceis

Pab =
I
c

;

while the radiation pressureon a perfect re-
°ectiv e surfaceis

Pr ef = 2
I
c

:

Solution:

Let : P = 40 W and
r = 1 m :

Since the light bulb emits light isotropically,
(i.e., uniformly in all directions), it can be
treated asa point source.

I =
P

4¼r 2

=
40 W

4¼(1 m)2

= 3:1831W=m2 :

014 (part 2 of 2) 10 points

Determine the radiation pressure P at Q,
where I is the light intensity at Q. Seethe
previous question for the setup of this prob-
lem.

1. P =
1
3

I
c

2. P =
I
c

3. P =
7
3

I
c

4. P =
2
3

I
c

5. P =
5
3

I
c

6. P =
4
3

I
c

correct

7. P = 0

8. P =
1
2

I
c

9. P = 3
I
c

10. P = 2
I
c

Explanation:

Since
1
3

of light is re°ected, the radiation

pressuredue to this portion of light is given
by

Pr ef = 2
I r ef

c
= 2

1
3

I

c
=

2
3

I
c

:

The remaining
2
3

of light is absorbed, so the

radiation pressuredue to this portion of light
is

Pab =
I ab

c
=

2
3

I

c
=

2
3

I
c

:

Therefore the total pressureon the paper is
given by

P = Pr ef + Pab

=
2
3

I
c

+
2
3

I
c

=
4
3

I
c

:
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keywords:

Re°ected On to Itself
34:05, trigonometry, numeric, > 1 min, nor-
mal.

015 (part 1 of 1) 10 points
A 100 mW laser beam is re°ected back upon
itself by a mirror.

The speedof light is 2:99792£ 108 m=s.
Calculate the forceon the mirror.

Correct answer: 6:67128£ 10¡ 7 N.
Explanation:

Let : P = 100mW = 0:1 W and
c = 2:99792£ 108 m=s:

The intensity of the laser is
P
A

with P the

power and A the area of the beam. The
average momentum per unit area per unit
time (force per unit area) transferred to the
wall is

¢ p
¢ t A

=
F
A

=
2I
c

=
2P
A c

:

Therefore

F =
2P
c

=
2(0:1 W)

2:99792£ 108 m=s

= 6:67128£ 10¡ 7 N :

keywords:

Tipler PSE5 31 26
35:03,trigonometry, multiple choice,< 1 min,
¯xed.

016 (part 1 of 1) 10 points
The spiral galaxy in the Andromeda constel-
lation is about 2 £ 1019 km away from us.

How many light-yearsis this?

1. 739958c ¢y

2. 1:62791£ 106 c ¢y

3. 2:11416£ 106 c ¢y correct

4. 3:48837£ 106 c ¢y

5. 5:09514£ 106 c ¢y

6. 1:08668£ 107 c ¢y

Explanation:

Let : D = 2 £ 1019 km = 2 £ 1022 m and
1 c ¢y = 9:46£ 1015 m :

The distanceis

D = (2 £ 1022 m)
µ

1 c ¢y
9:46£ 1015 m

¶

= 2:11416£ 106 c ¢y :

keywords:

Ligh t in Silica
35:05, trigonometry, numeric, > 1 min, nor-
mal.

017 (part 1 of 3) 10 points
Light of wavelength 589nm in vacuum passes
through a piece of silica (index of refraction
1:458).

Find the speedof light in silica.
Correct answer: 2:05619£ 108 m=s.
Explanation:
The speed of light in silica, vn can be easily
obtained from the equation

n =
c

vn
:

We have

vn =
c
n

=
2:99792£ 108 m=s

1:458
= 2:05619£ 108 m=s :

018 (part 2 of 3) 10 points
What is the wavelengthof this light in silica?
Correct answer: 403:978 nm.
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Explanation:
We usethe equation

n =
¸ 0

¸ n

to calculatethe wavelength¸ n in silica, noting
that we are given the wavelength in vacuum
to be ¸ 0 = 589nm :

¸ n =
¸ 0

n

=
589nm
1:458

= 403:978nm :

019 (part 3 of 3) 10 points
Calculate the frequencyof the light.
Correct answer: 5:08986£ 1014 Hz.
Explanation:
From the formula

¸ n = vn Tn =
vn

f n

(where Tn is the period of the light wave in a
medium with index of refraction n) we obtain
that the frequencyis

f n =
vn

¸ n

=
2:05619£ 108 m=s
4:03978£ 10¡ 7 m

= 5:08986£ 1014 Hz :

keywords:

Air to Cro wn Glass
35:06, trigonometry, numeric, > 1 min, nor-
mal.

020 (part 1 of 1) 10 points
A ray of light is incident at an angle of 60±

on the surfaceof a pieceof crown glasswhose
index of refraction is 1:52:

What is the angleof refraction?
Correct answer: 34:7331±.
Explanation:

By Snell's Law, for an angleof incidence®
and an angleof refraction ¯ ,

nair sin® = n sin¯

sin¯ =
sin®

n
; so

¯ = arcsin
µ

sin®
n

¶

= arcsin
µ

sin60±

1:52

¶

= 34:7331± ;

sincenair = 1.

keywords:

AP B 1998 MC 31
35:06,trigonometry, multiple choice,< 1 min,
¯xed.

021 (part 1 of 1) 10 points
A light ray passesthrough substances1, 2,
and 3, asshown.

The indices of refraction for these three
substancesare n1, n2, and n3, respectively.
Ray segments in 1 and 3 are parallel.

x

µ1

µ2 d

1

2

3

n1

n2

n3

One can concludethat

1. n3 must be the sameasn1. correct

2. n2 must be lessthan n1.

3. n2 must be lessthan n3.

4. n1 must be equal to 1.00.

5. all three indicesmust be the same.

Explanation:

n1 sinµ1 = n2 sinµ2 = n3 sinµ3;

Sinceµ1 = µ3, sinµ1 = sinµ2 and n1 = n3.
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Sincesinµ1 = sinµ3 > sinµ2, n2 > n1 = n3.
So, we can only conclude that n3 must be

the sameasn1.

keywords:

Flashligh t Under W ater
35:06, trigonometry, numeric, > 1 min, nor-
mal.

022 (part 1 of 2) 10 points
Given: The index of refraction of transparent
liquid (similar to water but with a di®erent
index of refraction) is 1:33.

A °ashlight held under the transparent liq-
uid shinesout of the transparent liquid in a
swimming pool. This beam of light exiting
the surfaceof the transparent liquid makesan
angleof µa = 44± with respect to the vertical.

q

q
air

water

flashlight

ray

w

a

At what angle µw (with respect to the ver-
tical) is the °ashlight being held under trans-
parent liquid?
Correct answer: 31:4866 ±.
Explanation:

Basic Concepts: Snell's Law:

na sinµa = nw sinµw ;

where na and nw are the indices of refraction
for each substanceand µa and µw are the inci-
dent anglesto the boundary in each medium,
respectively.
Solution: This is a straightforward appli-
cation of Snell's law. We assumethat the
surfaceof the transparent liquid is a level hor-
izontal plane, thus each anglewith respect to
the vertical represents the incident angle in
each medium.

The index of refraction of air is (nearly)
na = 1:0 while the index of refraction of trans-
parent liquid is given asnw = 1:33. The inci-
dent angle in the air is given to be µa = 44±.
Hence

sinµw

sinµa
=

na

nw
sinµw

sin(44±)
=

1
1:33

sinµw =
0:694659

1:33
µw = arcsin(0:5223)

µw = 31:4866± :

023 (part 2 of 2) 10 points
The °ashlight is slowly turned away from the
vertical direction.

At what angle will the beam no longer be
visible above the surfaceof the pool?
Correct answer: 48:7534 ±.
Explanation:

This is solved in the samefashionasPart 1.
When the light ceasesto be visible outside
the transparent liquid, then µa ¸ 90±. The
sin90± = 1. Hence(from above),

sinµw =
na

nw

µw = arcsin
µ

1
1:33

¶

µw = 48:7534± :

keywords:

Serw ay CP 22 21
35:06, trigonometry, numeric, > 1 min, nor-
mal.

024 (part 1 of 2) 10 points
The light ray shown in the ¯gure makesan an-
gleof 20± with the normal line at the boundary
of linseedoil and water.
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µ1

20±

µ2

Air

Linseedoil

Water

Find the angle µ1. Note that n = 1:48 for
the linseedoil.
Correct answer: 30:4104±.
Explanation:

Given : ni = 1:00;
nr = 1:48; and
µr = 20± :

Applying Snell's Law,

ni sinµi = nr sinµr

sinµi =
nr sinµr

ni

µi = sin¡ 1
µ

nr sinµr

ni

¶

= sin¡ 1
µ

1:48 sin20±

1

¶

= 30:4104± :

025 (part 2 of 2) 10 points
Find the angleµ2.
Correct answer: 22:3174±.
Explanation:

Given : ni = 1:48;
nr = 1:333; and
µi = 20± :

Applying Snell's Law again,

sinµr =
ni sinµi

nr

µr = sin¡ 1
µ

ni sinµi

nr

¶

= sin¡ 1
µ

1:48 sin20±

1:333

¶

= 22:3174± :

keywords:

Silica Prism 02
35:07, trigonometry, numeric, > 1 min, nor-
mal.

026 (part 1 of 1) 10 points
Light of wavelength 700nm is incident on the
face of a silica prism at an angle of µ1 = 75±

(with respect to the normal to the surface).
The apex angleof the prism is Á = 60±.

Given: The value of the index of refraction
for silica is n = 1:455.

q2 q3

q1

f

q4

Find the angle between the incident and
emergingrays.
Correct answer: 42:3471±.
Explanation:

Note: The angle between incident and
emerging rays is equals to the deviation of
the ray, which is the sum of the deviation
at the ¯rst surface, and that at the second
surface. So

µ5 = (µ2 ¡ µ1) + (µ4 ¡ µ3)
= [(41:5954±) ¡ (75±)]

+ [(27:3471±) ¡ (18:4046±)]
= 42:3471± :

keywords:

Righ t Angle Prism
35:09, trigonometry, numeric, > 1 min, nor-
mal.

027 (part 1 of 1) 10 points
Considera prism with the shape shown in the
diagram. Its index of refraction is labeled by
np, and it is submerged in a special liquid
which hasan index of refraction n l , wherethe
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di®erencenp ¡ nl is ¢ n = 0:5. The light ray
perpendicularly incident from the liquid into
the prism as shown in the diagram. Notice
that the incident angle at point A is 45± and
that at B is also45±.

np

A

B

nl

45°

45°

Determine np, the index of refraction of the
prism, such that the 45± is the critical angle.
Correct answer: 1:70711 .
Explanation:

np sin45± = (np ¡ ¢ n) sin90± :

Solve for np, we have

np =
¢ n

1 ¡
1

p
2

= 1:70711:

keywords:

Serw ay CP 22 38
35:09, trigonometry, numeric, > 1 min, nor-
mal.

028 (part 1 of 1) 10 points

2
¹

m

µ

Determine the maximum angleµ for which
the light rays incident on the end of the light
pipe shown in the ¯gure above are subject to
total internal re°ection along the walls of the
pipe. The pipe of diameter 2 ¹ m hasan index
of refraction of 1:36 and the outside medium
is air.
Correct answer: 67:1814±.
Explanation:

Given : nair = 1;
npipe = 1:36; and

r = 1 ¹ m :

d

µ

Á
Ác

The critical angle Ác for total internal re-
°ection is given by

sinÁc =
nair

npipe
:

Ác sinÁc =
nair

npipe
Ác

Ác = arcsin
µ

nair

npipe

¶

= arcsin
µ

1
1:36

¶

= 47:3321± :

From the right triangle the angle Á at the
left-hand interface is

Á = 90± ¡ Ác

= 42:6679± :

Applying Snell's Law, we have

nair sinµ = npipe sinÁ

µ = arcsin
µ

npipe sinÁ
nair

¶

= arcsin
µ

1:36 sin42:6679±

1

¶

= 67:1814± :

keywords:

Conca ve Mirror 04
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36:03, trigonometry, numeric, > 1 min, nor-
mal.

029 (part 1 of 1) 10 points
A concave mirror hasa focal length of 20 cm.

What is the position of the resulting image
if the image is inverted and 4 times smaller
than the object?
Correct answer: 25 cm.
Explanation:

1
p

+
1
q

=
1
f

=
2
R

m =
h0

h
= ¡

q
p

Conca ve Mirror f > 0

1 > p> f f < q< 1 0 > m > ¡1
f > p> 0 ¡1 < q< 0 1 > m > 1

Let : f = 20 cm and
n = 4:

Since the image is inverted, n = ¡
1
m

. From

the mirror equation
1
p

+
1
q

=
1
f

and
p
q

= n, so

1
n q

+
1
q

=
1
f

q =
(n + 1) f

n

=
(4 + 1) (20 cm)

4

= 25 cm :

keywords:

Mirrors01
36:03,trigonometry, multiple choice,> 1 min,
¯xed.

030 (part 1 of 1) 10 points
Considera concave mirror with radius R. An
upright object is placed in betweenthe inter-
val R=2 and R.

R R/2

The imageis

1. real, inverted, enlarged. correct

2. real, inverted, reduced.

3. real, upright, enlarged.

4. real, upright, reduced.

5. virtual, inverted, enlarged.

6. virtual, inverted, reduced.

7. virtual, upright, enlarged.

8. virtual, upright, reduced.

9. real, upright, samesize.

10. virtual, upright, samesize.

Explanation:

R R/2

Note:

f =
R
2

;

where f is positive for a concave mirror by
convention. From the mirror equation

1
p

+
1
q

=
1
f

:

Solving for q we have

q =
f p

p ¡ f
:

Sincep > f , the imageis real and inverted.
The absolutevalue of the magni¯cation is

jM j =
q
p

=
f

p ¡ f
:
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Since f < p < 2f , recall
µ

f =
R
2

¶
, jM j >

1, or the image is enlarged. This is also
con¯rmed by the ray diagram shown.

keywords:

Christmas Tree Ornamen t 02 a
36:04, trigonometry, numeric, > 1 min, nor-
mal.

031 (part 1 of 1) 10 points
An object is 15cm from the surfaceof a re°ec-
tiv e spherical Christmas-tree ornament 6 cm
in diameter.

What is the position of the image?
Correct answer: ¡ 1:36364 cm.
Explanation:

1
p

+
1
q

=
1
f

=
2
R

m =
h0

h
= ¡

q
p

Con vex Mirror 0 > f

1 > p> 0 f < q< 0 0 < m < 1

Let : D = 6 cm and
p = 15 cm:

p is positive since it is in front of the mirror
and R is negative since it is behind the mir-
ror. A sphericalChristmas-tree ornament is a
convex mirror, so

1
p

+
1
q

= ¡
2

jRj
:

We are given the object distance, p, and can
¯nd the radius of curvature from the diameter,

jRj =
jD j
2

. Inserting these values into the

mirror equation and solving for q, we ¯nd

q = ¡
1

4
D

+
1
p

= ¡
1

4
(6 cm)

+
1

(15 cm)

= ¡ 1:36364cm :

keywords:

Em bedded in a Crystal Ball
36:06, trigonometry, numeric, > 1 min, nor-
mal.

032 (part 1 of 1) 10 points
A coin 2 cm in diameter is embeddedin a solid
glassball of radius 30 cm(seethe ¯gure).

n

d

p

1

n2

> n2n1

The index of refraction of the ball is 1:5,
and the coin is p = 20 cm from the surface.

Find the distance the image's position is
from the surfaceof the glassball.
Correct answer: 17:1429 cm.
Explanation:

Becausen1 > n2, where n1 = 1:5 is the
index of refraction of the ball and n2 = 1:00 is
the index of refraction of the air, the rays are
refracted away from the normal at the surface
and diverge outward. Hence, the image is
formed in the glassand is virtual. Applying
the equation

n1

p
+

n2

q
=

n2 ¡ n1

R
;

with d = jqj and R = ¡ 30 cm; we get

q = n2

·
n2 ¡ n1

R
¡

n1

p

¸ ¡ 1

= (1)
·

(1) ¡ (1:5)
(¡ 30 cm)

¡
(1:5)

(20 cm)

¸ ¡ 1

= ¡ 17:1429cm
d = jqj = 17:1429cm:

The negativesignof q indicatesthat the image
is in the samemedium asthe object (the side
of incident light).
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keywords:

AP B 1998 MC 30
36:08,trigonometry, multiple choice,> 1 min,
¯xed.

033 (part 1 of 1) 10 points
An object is placedat a distanceof 1.5f from
a converging lensof focal length f , asshown.

2f f f 2f 3f

What type of image is formed and what is
the sizerelative to the object?

Type Size Direction

1. Virtual Larger Inverted

2. Virtual Samesize Inverted

3. Virtual Smaller Inverted

4. Real Larger Inverted
correct

5. Real Smaller Inverted

6. Virtual Larger Upright

7. Virtual Samesize Upright

8. Virtual Smaller Upright

9. Real Larger Upright

10. Real Smaller Upright

Explanation:

Let : p = 1:5f :

Using
1
p

+
1
q

=
1
f

, we have

q =
pf

p ¡ f
=

1:5f 2

1:5f ¡ f
= 3:0f :

Sinceq = 3:0f > 0, the imageis real .

2f f

f 2f 3f

Also, sincethe magni¯cation is

M = ¡
q
p

= ¡
3:0f
1:5f

= ¡ 2:0;

the image(jM j > 1) is larger in sizethat the

object and (M < 0) inverted .

keywords:

Camera Lens 02
36:08, trigonometry, numeric, > 1 min, nor-
mal.

034 (part 1 of 1) 10 points
Camera lensesare described in terms of their
focal length. A 50 mm lenshasa focal length
of 50 mm. A camera is focusedon an object
3 m away using a 50 mm lens.

Locate the position of the image.
Correct answer: 50:8475 mm.
Explanation:

Basic Concepts

1
f

=
1
do

+
1
di

Solution This is a converging lens, so the
focal length is positive and

di do = f di + f do

di do ¡ f di = f do

di (do ¡ f ) = f do
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di =
f do

do ¡ f

=
(50 mm) (3 m)

(3 m) ¡ (50 mm)
= 50:8475mm :

Dimensional analysis for do:

m ¢
1000mm

1m
= mm

keywords:

Con verging Lens 02
36:08, trigonometry, numeric, > 1 min, nor-
mal.

035 (part 1 of 1) 10 points
The magni¯cation produced by a converging
lens is found to be ¡ 3:5 for an object placed
0:185m from the lens.

What is the focal length of the lens?
Correct answer: 0:143889 m.
Explanation:

For converging lens,

1
p

+
1
q

=
1
f

M = ¡
q
p

At p = 0:185m, and M = ¡ 3:5, we get

1
f

=
1
p

µ
1 ¡

1
M

¶

=
1

0:185m

µ
1 ¡

1
¡ 3:5

¶

= 6:94981m¡ 1

f = 0:143889m :

keywords:

Div erging Lens 03
36:08, trigonometry, numeric, > 1 min, nor-
mal.

036 (part 1 of 2) 10 points
A diverging lenshasa focal length of 32 cm.

If an object is 20 cm from the lens, what is
the imagedistance?
Correct answer: ¡ 12:3077 cm.
Explanation:

Basic Concepts:

1
p

+
1
q

=
1
f

m =
h0

h
= ¡

q
p

Div erging Lens 0 > f

1 > p> 0 f < q< 0 0 < m < 1

Solution: The lensequation is

1
f

=
1
p

+
1
q

and f is negative for a diverging lens.
Solution

1
q

=
1

¡ f
¡

1
p

q =
·
¡

1
f

¡
1
p

¸ ¡ 1

=
·
¡

1
(32 cm)

¡
1

(20 cm)

¸ ¡ 1

= ¡ 12:3077cm:

037 (part 2 of 2) 10 points
What is the magnitude of the magni¯cation
for this lens?
Correct answer: 0:615385 .
Explanation:

The magni¯cation is

M =
hi

ho

= ¡
q
p

= ¡
(¡ 12:3077cm)

(20 cm)
= 0:615385:

keywords:

Add a Second Lens 05
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36:09,trigonometry, multiple choice,> 1 min,
wording-variable.

038 (part 1 of 3) 10 points
Hint: Construct a ray diagram.
Given: A real object is located at \ p1 =
11
6

f " to the left of a convergent lens with a

focal length f asshown in the ¯gure below.

0
11
6

f f

(£ f )

The image distance q1 to the right of the
lens is

1. q1 =
11
5

f : correct

2. q1 =
8
3

f :

3. q1 =
7
3

f :

4. q1 =
13
6

f :

5. q1 =
13
4

f :

6. q1 =
15
4

f :

7. q1 =
5
2

f :

8. q1 =
13
7

f :

9. q1 =
9
4

f :

10. q1 =
12
5

f :

Explanation:

Basic Concepts:

1
p

+
1
q

=
1
f

m =
h0

h
= ¡

q
p

Con verging Lens f > 0

1 > p> f f < q< 1 0 > m > ¡1
f > p> 0 ¡1 < q< 0 1 > m > 1

Convergent (concave) lenses f > 0 have
real imagesq > 0 whenthe object 1 > p > f .

0
11
6

f f

11
5

(£ f )

Basic Concepts:

1
p

+
1
q

=
1
f

:

Solution:

1
q1

= ¡
1
p1

+
1
f

= ¡
6

11f
+

1
f

=
11¡ 6
11f

=
5

11f

q1 =
11
5

f :

039 (part 2 of 3) 10 points
A secondconvergent lenswith the samefocal
length f is placed behind the ¯rst lens, as
shown in the ¯gure below (the ¯rst lens has
the lighter image).
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0
11
6

4
5

f ff f

(£ f )

The second image location q0
2, measured

with respect to the secondlens, is

1. q0
2 =

7
12

f : correct

2. q0
2 =

3
4

f :

3. q0
2 =

5
7

f :

4. q0
2 =

1
2

f :

5. q0
2 =

5
8

f :

6. q0
2 =

2
3

f :

7. q0
2 =

8
13

f :

8. q0
2 =

9
14

f :

9. q0
2 =

8
11

f :

10. q0
2 =

4
7

f :

Explanation:

83
60

f

0
11
6

7
5

f

4
5

11
5

7
12

f f

(£ f )

Given: Distance between lensesis d =
4
5

f ,

and from Part 2, we have q1 =
11
5

f :

Solution: q1 > d and for the secondlens

p2 = ¡ q1 + d

=
µ

¡
11
5

+
4
5

¶
f

= ¡
7
5

f :

Note: Sincethe object for the secondlens
is behind the lens it is virtual and therefore
p2 < 0.

Using the lensequation for the secondlens,
we have

1
q2

= ¡
1
p2

+
1
f

=
1

q1 ¡ d
+

1
f

=
1

11
5

f ¡
4
5

f
+

1
f

=
5

7f
+

7
7f

=
5 + 7
7f

=
12
7f

q2 =
7
12

f :

The ¯nal imagedue to the secondlens is real
and to the right of the secondlens. As can
be seenfrom the ¯gure, the ¯nal imagedue to
the secondlensrelative to the ¯rst lens is

q0
2 =

4
5

f +
7
12

f

=
83
60

f :

040 (part 3 of 3) 10 points
Using both of theselenses,the magni¯cation
is

1. M 12 = ¡
1
2

: correct

2. M 12 = ¡
11
16

:
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3. M 12 = ¡
7
11

:

4. M 12 = ¡
9
16

:

5. M 12 = ¡
5
8

:

6. M 12 = ¡
7
12

:

7. M 12 = ¡
7
13

:

8. M 12 = ¡
5
9

:

9. M 12 = ¡
7
16

:

10. M 12 = ¡
9
14

:

Explanation:
The magni¯cation M 1 of the ¯rst lens is

M 1 = ¡
q1

p1

= ¡

11
5

f

11
6

f

= ¡
6
5

:

The magni¯cation M 2 of the secondlens is

M 2 = ¡
q2

p2

= ¡

7
12

f

¡
7
5

f

=
5
12

:

The magni¯cation M 12 of thesetwo lensesis

M 12 = M 1 M 2

=
µ

¡
6
5

¶ µ
5
12

¶

= ¡
1
2

:

keywords:

Tw o Lenses System M
36:09,trigonometry, multiple choice,> 1 min,
¯xed.

041 (part 1 of 1) 10 points
Consider two lenseswhere f 1 = f and f 2 =
¡ f . As shown in the sketch, they are aligned
along the z-axis with a separationd = 1:25f .

f3f

#1 #2

d

The distance between the object and lens
1 is p = 3f . An image is formed due to the
two-lens system. Find the distance of this
imagefrom lens2.

1. q2 =
1
4

f

2. q2 =
1
3

f correct

3. q2 =
1
2

f

4. q2 =
3
4

f

5. q2 = f

6. q2 =
3
2

f

7. q2 = 2f

8. q2 =
5
2

f

9. q2 = 3f

10. q2 =
7
2

f

Explanation:
For lens2, the \ob ject" is the imageformed

by lens 1 located at q1 = 2f to the right of
lens1. Soin the formula

1
f 2

=
1
p2

+
1
q2

;

for the \virtual object",

p2 = ¡ (q1 ¡ d) = ¡
1
4

f :
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This leadsto

1
q2

=
1
f 2

¡
1
p2

= ¡
1
f

+
1

1
4

f

= ¡
1
f

+
4
f

=
3
f

q2 =
f
3

:

keywords:

Adjustable Camera
36:12, trigonometry, numeric, > 1 min, nor-
mal.

042 (part 1 of 1) 10 points
The bellows of an adjustable camera can be
extendedsothat the largestdistancefrom the
lensto the ¯lm is 1:2 times the focal length.

If the focal length of the lens is 3 cm, what
is the distance from the closest object that
can be sharply focusedon the ¯lm?
Correct answer: 18 cm.
Explanation:

The mirrors and lenseshave the property:

1
p

+
1
q

=
1
f

Here
q = k £ f

So

p =
kf

k ¡ 1

=
(1:2)(3 cm)

1:2 ¡ 1
= 18 cm

keywords:

AP B 1998 MC 28
36:14,trigonometry, multiple choice,< 1 min,
¯xed.

043 (part 1 of 1) 10 points
A physics student places an object 6.0 cm
from a converging lensof focal length 9.0 cm.

What is the magnitude of the magni¯cation
of the imageproduced?

1. jM j = 0:6

2. jM j = 1:5

3. jM j = 2:0

4. jM j = 3:0 correct

5. jM j = 3:6

Explanation:

Let : p = 0:6cm and
f = 9:0cm:

Using
1
p

+
1
q

=
1
f

;

q =
1

1
f

¡
1
p

=
1

1
9:0cm

¡
1

6:0cm
= ¡ 18:0cm:

The magnitude of the magni¯cation is thus

jM j =

¯
¯
¯
¯
q
p

¯
¯
¯
¯ =

18:0cm
6:0cm

= 3:0:

keywords:


