Exam2 Aftermath
Tuesday, November 5, 2019 8:55 AM
What happened? The document version that was proofread was not the version that was
split to Version A and Version B, and then printed.
5 directly affected questions were thrown out.
¢ Question #14 was counted as extra credit because it used the result of #13.
Lesson learned:
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Oscillations _
Tuesday, November 5,2019  8:56 AM Textbook: Chap 15, espeCIaIIy 15.1-15.4.

Simplest oscillator: Harmonic oscillator made Mo
from a mass and a spring. Sprng Forw
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Using spring force to find the max compression is tough.

Foor =ma
F.=ma (Block.s X =A3)
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The mass-and-spring traces out a sinewave with w 22y
an angular frequency as calculated above. o) ] ,/?
F= = =<z /Mm

How is this related to the given situation?

\/[ =V, =given = WX, ws(w%)
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For an oscillation, the displacement amplitude (x0) is
proportional to the velocity amplitude (v0).

How did we do this in Physics I? Conservation of energy. éf“\”ﬂ
_ L =~ fn/wlie’ = F:”Ovl
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The energy analysis and the oscillation analysis produce the same result.

If the mass is attached to the spring, it will continue to follow the sinewave
function indefinitely. This is a basic oscillation.

GQ/}Q/\/L - X = X‘“ Sin (Wé - ¢3
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(W=D ~ wo (-t
sin(( £-£,)) stadts @ t

Note: It's common to adjust the phase by pi/2
by switching from a sine to a cosine.
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Another common way of dealing with phase is
to split the function into sine and cosine

ComponentS.
A smﬁaf\ D) = Asm (wé> 5 ccs‘@/f)
= AHrRT ﬁ =K SN P

ZQ
L <3 (T) <o cosP

This form is used when there is nonzero initial position
*and* nonzero initial velocity.

E/%f@/ /C)'ob", :)L, on — 8
Lhfral Vf//ac/‘%y = wh

Mass-and-spring oscillator. ~ », . » 2= Aﬁ L <so %

2—3}-’ z,wo' oz\g— ‘-'7—._2«3“ Hz

Given an initial displacement of 1 cm and an initial speed of 15 cm/s,
what are the amplitude and max speed?

X(é) = Asim (M/f) +R s (m/éj
,@ < O], 2 1 tiof OZY\S/O/QCQ,M/T%,

— - [co ad
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21. Exam2 Return and Intro Oscillations Page 5



1904 A = A1 P < /hﬁLI\QZ ?oe,@:/

— O
A = 2 O. 0106 m
)44

Aoplhde %o< BT < o1 101

/u/qz WJ o S :JL/«/QB(CZO/L&@
SO = 206 VL

21. Exam2 Return and Intro Oscillations Page 6



Waves

Thursday, November 7, 2019 9:23 AM

Wave visuals: https://www.acs.psu.edu/drussell/demos.html
(or Google: Dan Russell waves)

Waves are not stuff.

A wave is an organized disturbance in a set of coupled oscillators.
e Coupled: Displacement of one oscillator exerts a force on its neighbors.
e Disturbance: Can be a pulse, but often an oscillation

General wave solution: 7['(>< V=)

Oscillating wave solutions: St (ZT;X — 7_;}-?f>

Repots bt A()wa Ar=Ammded

D (250 =27 Aé-‘_.;‘\: :/Oerm}
Weave 5/\33—@0/: (%ifi —-2#37%): jv X —~ H é)

v=F) V=2

The wave speed is the speed of propagation of the disturbance.
No actual material is moving at that speed.

Sample wave speeds:

opnd Light Sheing  Water
Vo 399 m/s V=3x100 m/g Vo F:/M VY (=10 V/S

All waves involve oscillations of at least 2 variables.
At least one of these variables is a vector. (no pure scalar waves)

The direction of the vector is either parallel or perpendicular to the

22. Waves and Doppler Page 7


https://www.acs.psu.edu/drussell/demos.html

direction of the wave propagation velocity.
 Longitudinal: oscillations parallel to propagation.
e Transverse: oscillations perpendicular to propagation.

v=1)

Range of audible sound waves: 20 Hz to 20 kHz

- T ny - 3@0 % -
ELZO Mz V=540 /5 J‘f’ 5> o Mg < [Z7m
Typical musical instrument is 1/4 wavelength.
34o ”/5 .07
£ <20 k2 A = 2|7 mm oo

2 e 20 iz
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Doppler Effect

Thursday, November 7, 2019 9:23 AM

When oscillators are coupled, the frequency of the oscillations is

maintained as the disturbance moves from one to the other.
fodvo Wz

)] ))) £2)  noear
P5) S

43 %O Nz =940

\/OQ‘O“ CU(U,’_S SOUU’\O/ /\

Exception: When the source and/or observer is moving toward or away
from the wave.

F L2 ,%a
When the source is movmg away from the By the time an
wave, each successive peak has to travel a observer hears the
further distance. This stretches out the sound, the peaks occur
wavelength of the wave. at more separated

times.
Source moving away -> observed frequency is slower (lower freq)

—> /\
= N> \
The moving observer detects successive peaks

at different times than a stationary observer,
because each peak must travel further.

Observer moving away -> observed frequency is slower (lower freq)
+ \/a < %w@r@/ wowt

_ V+ Ve,

For light waves, the formula is more complicated.
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Simple version (use this whenever possible):
AY Vel Good when
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23. Standing Waves

Tuesday, November 12, 2019 9:31 AM

Waves in general: 7%@ L) = /] s/r\(%fx — 2t f}

Wavelength: NS r‘@psz 0( rsfancg
Frequency: i = y_r -+ :/04 V‘)L'OJ - &{Qm{— tim€

Wave interference: When two waves meet, their functions add.
(superposition principle)

When two sinewaves meet, and they have the same frequency, they can add
or subtract depending on their relative phase.

AV N\
S UL VA N

The relative phase between the two waves determines how they add.

(

A¢ = OJ ZWJ LI'TJ . C,onSLNA CLIL‘LU&
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AD = 73‘) 337; ST L aks%rwc‘)‘ﬂ/{_,
J

Reflection: A wave's energy can "bounce" off a surface or
a discontinuity in the medium. During reflection, a wave
basically generates a reverse-direction copy of itself.

At the point of reflection, either the wave or its conjugate
must be zero.

Ex: Reflection of string waves.

e Fixed end must have zero displacement. The reflected
wave must combine with the original wave to cancel out
and achieve a zero value at the point of reflection.
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» Free end must have peak displacement. The reflected
wave is "right-side-up" as compared to the original
wave.

An upside-down reflection is like a phase addition of pi.

Traveling waves can add to form standing waves.
y(z,t) = yp, sin (kx — wt) + y,, sin (kx + wt) = 2y,, sin (kx) cos (wt)

Standing wave resonance is caused when a wave reflects
back and forth in a cavity. (A region that carries the wave
and has reflective ends.) The wave can interfere with itself.

This only happens if the copy of the wave "lines up" with
the original wave. The travel distance is 2L, twice the

cavity length. A 25 | XZ e whe
f o~y e
N/ X e A

1L:h> wave. cons%m@ V@ m?l‘rffg@f%
witl, Ifg oW r@p/ec{“ =7,

i Y A=zl
../__\vf =2 \=L

_ 2
Qvg n=3 =3 ‘F%

Often we're concerned with frequencies.

\
_ \/_..%OZ@/ OQ WL _ ——_, /\/
v AV)‘ Me s{‘mhs 5: ?5

\/:@ 7034-\‘;'1

This can happen with sound waves as well. The
reflection is a little different, but the same math
applies.

n
=5

S
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If the two ends of the cavity produce *different*
kinds of reflections (one reversing and one not),
then we're looking for a time when the sinewave

IS *opposite* of what it is at the origin. \
PP g L @ N i@ 3 >»

ENVivaNayal)

2L = Q’H-Z\) c,ons%fmc/ /

Ve (o/ CC 6/10/3)

41 = [2n+ 1)\ .
L 5 2n+l =1, 35 -
4,.= n” ) :)03 5 ..
With *different* ends, the longest wavelength is 4L. =
N
_ M v\ 4 ) ,
F" ) :—@n (””IJSJ‘{J )
e
f= ‘F‘ ’ <On O!Ol }\ar/nOVHcS>
Ex: Air cavity with open ends, length = 0.8 m. /_Z,
V=340 =zl =lom €= T, =225 He

FL:. 7_?:,%25' Hz 3;:3 ;‘3‘?} = 6175 H%

A¥~ 2)2.5 Hz
What if one end is blocked? 207 - Ha
A=4aL= - 3z m

£ opokallowd  f=3b= 2825 Hz

A= g7 — 106 25 2 2/2.5 Hz
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Example from RF theory: 1/4 wave antenna:

— tree e,nof) L2

D,WMHL En S

/ L\
foed ok, T= P22

;;:..L) MHz

L_:.g%,gﬁ- = /283 m

- - s
,\'_ yy= 732 m

,‘__S?A = 285.27 *\Oé MZS

According to "standard" antenna calculations, the

speed of RF waves on the wire is 2.85e8 m/s.
C = 2 \O%
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Energy, Power, and Intensity

Thursday, November 14, 2019 9:21 AM

Energy (J)
Ener /\ C i) L +
P= ‘é;ﬁ_ﬂ %:{iaj A ouu;/i - AEn@rS\/ :jP ﬁ
ﬁmﬁ Thﬁ' - Pb_t
Power (W = J/s)
5 ACEM m|ov“
_ P ﬁ“@”@( orrn\ - P :ﬂ IJA o5
I gl T oVlr = Q
f req Af‘é% | WY QRCL_ 70 - IA 0056
m@,\sfv Intensity (W/m?)

(Flux density)

Two basic "shapes" of waves:
e Plane waves: Uniform intensity and propagation direction.
Wave fronts form planes.
e Spherical waves: Generated by a point source and spread from there.
Propagation direction is radially away from source.
Intensity is strong near the source and gets weaker with distance.
Wave fronts form spheres.

For travelling waves, the power of each wave front is consistent.

SP/\//N&@{ s P = IA ((,os‘ o= bl /OFOPG%@JYJ‘:E\
P, I H.p\rl PZF/Q ‘/G wWwavég Yron

Po=T

Y

Ex: A light source has an intensity of 100 W/m? at 10 m,
how bright is it at 20 m?

s - ’/R;j\
I; l/le
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Energy, power, and intensity span huge ranges of values.
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decibels and intensity levels

Thursday, November 14, 2019 9:49 AM

"Level" is a way of describing energy-like quantities on a logarithmic scale.
This compresses large values and stretches small values.

Ratios between related values always have the same size.

There is no way to represent zero intensity.

Levels *always* represent ratios. The value (in decibels) represents some
factor between two intensities. f— Lo in 4B

7 alo

I
- T
o &) -sate = A= B

Because beta is an exponent, addition of levels (in dB) corresponds
to multiplying the intensity several times.

BBy T/

o, /.0 Zero decibels means no change.
) |26 One decibel is a 26% increase.
3 2.0 3 dB is a doubling of intensity.
%z ~3 5 dB is approx. tripling intensity.
- 3.0 7 dB is a factor of 5

) O 1O 10 dB is a tenfold increase

2.0 10O

-3 —— 107-3.7 = 0.0002

3992 1/5000 = 0.0002

A speaker produces a 75 dB sound when it is 3.0 m away.
How loud is the sound from 5.0 m?

'_f )~ D I- /AA/\H--'()-HLJ
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I SR2= -4.4 dB

£ =4 FAE = 75dR -4 4R = 70,6 4R

One quirk: Sometimes EEEN's talk about decibel levels for voltages.
Power is proportional to voltage squared. \V

P:i\/ IIZR = /;

A tenfold increase in V actually increases P by 100 times.
So this is +20 dB increase.

L= 10 /0310(75\> /Q < 20 /03,0 (\\/i

)
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Polarization

Transverse waves (like light) involve oscillations perpendicular
to the propagation direction. This is not unique. Polarization is
the direction of oscillations in a transverse wave.

\/ —-,XDZQWIZQ%‘O”
x../;ng/gﬁ?j‘@ﬂ(/tvf\

The polarization of light is the direction of the electric field oscillations.

Light can be of one polarization or it can be a mixture.
e Most light is non-polarized. The E oscillations fluctuate.
e Polarized light has E oscillations that are organized.
o Sky glare off of the surface of a body of water tends to be
horizontally polarized. (Brewster's Angle)
o Polarizing filters will filter out a particular polarization, and pass
light of the opposite polarization. Vertical polarizers filter out
horizontally polarized light.

How much light gets through a polarizer?

,Z)@z;mmﬁ _ _/- ﬁc@mi’? f :r 40326
Updaed L =2Te B0 7
7:,@4}4 Omslé/

Stack of polarizers:

plord | Pl | 3 Blad | 50 Plarad
> —_— ~
o | Zoo7e | T T e

(?O’a PO/QF/‘ZZ/‘/

O Poloiiss 30" Plcwer

Lo T, o8, = (50) cos*(39) = (E)= 375 ™
. /o 1/
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Lo o T, it 8, = (50) 205*(35) = (DE) > 275 Pn™

Y
T, =T, e,y = (375 005 (67D =(325W) = 94 /2

What would happen if the second polarizer was removed?
(No light would get through the third polarizer.)

How many decibels of change did the intensity have?

E" — _21 -0 09 A=lo /ag(%} = /09(6-@943
Te ~ oo T 4 _ _/O.SJ@
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Ray Optics

Tuesday, November 19, 2019 9:21 AM

g'o'{ef,ge/ Waves Flane Woves
D"’”’)ﬂ@’"? /Qays Pafa//a/ RO«}/S

When you see something clearly focused in front of you, you're seeing a
field of points, each of which emits rays like above.

* Nearby objects produce strongly diverging rays.
 Far objects produce weakly diverging rays.
e Infinitely far objects produce parallel rays.

What are rays? Paths that trace the flow of energy.

e Velocity: For light: yzc = 3x10 /s
o In a material: v = % h= ,“MLM & Jmm%w\
g m
Rx10% 7 g m
Ex- = /.3 V= ~ 90 en0
N 3 4/3 225 A /5

Normally, light travels in straight lines. How can we change this?

e Doppler shift. (Frequency changes due to motion.

e Diffraction: Light passing a barrier spreads out to fill the shadow
region.

e Absorption: Energy being absorbed by a material.

e Scattering: Energy deflected by small objects.

e Reflection: Organized deflection of energy by a surface.

e Refraction: Bending of light by a surface of a new material.
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Any of these can combine to simulate the rays we are used to seeing.

We start by looking at refraction of a single ray.
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Refraction

Tue

sday, November 19,2019 9:52 AM rprmﬂ W ][ "
gt RF/ S

/ _ @
9{(6\' @l-% O| \
f\l‘:\

N, =—|.3 |
= f)l Sin Q\ = ﬂl_Sm@l
(l) Sin (LIOG‘> - (’¢33) S @1.
ﬁams‘m%“f@j o
.U FRRA= sin=z
289 =
What if the light speeds up?
r)' <N 6‘ = ﬂz Su\"\@&
_ o] (s = () 50,
\<@L 0.9642< sn O,

Whatif? & —xe°
| (. sin (55D = (1) 50 &

LI99 < Su‘nQL
No \/Q,\’\J @

No m"/gr\cz o{/ =24

Total Internal Reflection - When light in a material hits the outer surface at
a glancing angle, it can get stuck inside the original material.

The threshold condition is called the critical angle. st O, = q0”
n, D’Fr\@c =
N
sin 69: 7/4)'
For glass-air: O - |s) o <1 <
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For glass-air: D o
: J/)LV\@Q = L—) @C:Lf}g
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Brewster's Angle L. .
Tuesday, November 19,2019 10:10 AM POIa“Zatlon by rEflectlon

s
' =7 If the reflected and transmitted rays are
M/ perpendicular, then no light gets
- reflected. Why?
> o Reflected ray is actually formed by
\ oscillations in the second material. If
'\ the oscillations are parallel to the
o D - reflected ray, there is no transverse
0, +0, =0 5, = 5 oscillation of E to generate the
reflected ray.

. - \
7, Sin G, =n, G,

Avjm ek = J\ZMS @l

e . .
LarnQ, = z/n\ Condition to cause no reflection.

This only happens when the polarization is in the plane of incidence.

For horizontal surfaces, this means vertical polarization can be excluded.
This is why glare from water and roads tends to be horizontally polarized.
Vertically polarized light gets filtered out by the reflection.
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Lenses

Tuesday, November 19, 2019 10:20 AM

Lenses use refraction to change the pattern of rays and
fool the observer into seeing things differently.

Paf@“@/ 1 Corlx/@’j'\"j
f—-—é% oﬁﬁs%
__—Jl— r\’w b\?ﬂv‘ﬂg &) @Q\y&[
| Obéﬂ Wy WYy
Conu!/rjh‘)ﬁ L@f\g . \\ v A o A ,\3(-
0 . Al O{w’\ |
ov\ 1)' Gf& A * ) Sil/\6
ol . plo » 7 ) o
b
<in ) ﬁs(//‘”/o L, lenss
Fralel Pres"] o

~NL
y 2Tk o>
AN OV\ 'l\
\//’FWLMOV/ /ﬁmagﬂ”o lﬂe’lzp\c3
. Lot [aaa%bf\
Calculations: 02|
P [aC/C’Jl/va\

2 Forlia) PR —_— .
e Prg %

In the above diagrams:

Eal s

9>=S P em Converding
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[_3—:(70
What happens if p=15 cm with the converging lens? ( $-9 cm>
L e B L 2
~° 2 —¢ = 97 2 s T os
) / [ / - li —-7S‘~ -
o e o — — -~ - ﬂ\
=" 27 % s

Bringing the object closer made the image go further away.

What happens ifwith the converging lens?

| (0 Lo .=t
7_.:?-"{:" = 2z = '5

3’,{\@//2/ ““'»of\ _
= =5 cm
Foeal /mjf“}\ 2 1 wA\/Ji

Placing the object closer than the focal distance
causes  to go negative.
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Vision

Thursday, November 21, 2019 9:24 AM

Our eyes are basically biological cameras, consisting of

a converging lens and a screen. \ S re N
A®
\ >
OLJQC\\ | SL(\'\O«%U
\
Principle rays: ‘~
1. Central ray goes through middle of lens. ﬂ“a%@ SLUVJJ
2. Parallel ray refracts thru focal point. bo on s<créen,
3. Focal ray refracts parallel.
We can view actual objects at a range of distances. y
 Near point: Closest focusable object distance. gwo{ = 28 em
e Far point: Furthest focusable object distance. A oo
fe =
Nearsightedness is the inability to see infinitely
far objects. J;}O £ po

Farsightedness is an inability to see near things. ogr\%\ > 25 om

What is the range of focal distances of the eye?

/\/é,cmi /a =285 ¢m %3 2 em /F-l)—-—gﬁ %;%

| AN
2.68@«1:(’1—5 * 35 =Y
-
J:;r . PP 9=3com &017"‘33

Zem

=4
=+
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To figure out how to correct vision problems,
we have to look at how to view images.

26. Vision and Vision Aids Page 29



Viewing virtual images

Thursday, November 21, 2019 9:49 AM

e
/

To view a virtual image, we look into the lens, viewing the image rays
that are refracted and appear to come from the image.

The image from the magnifier becomes the object as far as our eyes are
concerned. Since the image is further than the object, a farsighted person
might find this useful. Note: q doesn't become p.

Ex: Trying to read something 25 cm away, with a near point of 35 cm.
The eyeglasses lens is 2 cm from my eye.

,ﬁﬂ\a%z/ OAJLQJV LenS E\/K/
L Zom
\, — 25 omn s
35 cmn
-l
lerst pP=23cm ]C:C‘:{—%D = 75.9 om
2; -33 ¢m

Lens power is the inverse of the focal length (in meters).

)
- ! —_— . 7L
fowép - “'? = '_75 — LSZ Dav/oéf\S

With contact lenses, the distance between the lens and the eye is practically zero.
The converging lens corrects farsightedness.

e My eye needs gently diverging rays (from a far object).
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e Nearby objects make strongly diverging rays.

e The converging eyeglasses give those rays a nudge so that they're not strongly
diverging any longer. Lens ere

For a nearsighted person, the same thing can be done, but using a diverging lens.
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Magnifying Glass

Thursday, November 21, 2019 10:06 AM

Practically, we use a magnifier to increase the size of an image on the back
of our eye, not just the image of a lens.

Angular size is the most useful measure.

I —

05;@0‘\'
5;'\4“ Aﬂj Aﬁfm&'
Ztcan@:i%/’\\ﬁe <n O =
Q/Pa&l*anS o3& X |
tan © = ©

When viewing details, the small angle approx is okay.

A lens's magnification is its ability to increase the angular size
of a detail, as compared to what we can do without the lens.

—

\/\/i‘)'kcpbvjk“ L@n\S - 60 = 25 =m

\/\/f‘“\ L’ms: ,Q/QC&, lﬂ'\a% O\,{" " a‘n/)!’7 (&]axﬁ \/l‘éwv\m5>

= ‘96@%0)’\
Gorven ,C; Mara < /D*oé b |

et
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Angular magnification:

’ Q s _ 25cn
IIGZFQ_‘/\/KQMJ +

o

If we move the object closer to the lens, we can
squeeze out one more factor of magnification.

28

o M@ = <+ \

Ex: Lens sold as having a magnification of 5 times:

5= Zif”\ +
L, — Zicm
= Zi‘cm = 6.25 om
POWQK ~ t ~ ,é Q"Df)+€/g
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Compound Microscope and Telescope

Both of these devices involve generating and viewing a real image.
» Microscope: Obiject is close, but must be outside focal length of objective lens.
e Telescope: Object is at infinity.

The Objective lens is a converging lens that is projecting a real image.

How can we view the real image?

e Move back to a point further than the image.

 Place a screen at the image location.

e Intercept the image rays with another lens. This is the eyepiece.

Compound Microscope

I'he objective lens forms

an image here R) 2 | Lmaap

) e
\J

/
ctive Bveniece ‘ / Viag
Objective Evepiece f}l{. Linear | aq .

Ihe eyepiece lens forms el //L%:_—'/\
an image here (Q vera ! [ t/ S ” - g‘o ?V
§ B {
wbat Fs Led o kghragT et Fe sophe lerses
/
Z,lné/cr maj: _ _2 /’)/“ -J;
h P ho © e
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I'he objective lens forms
an image here. R&c\\

Tmegs

Objective lens

The eyepiece lens forms

an image here.
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Interference
Tuesday, November 26, 2019 9:25 AM
What makes a wave propagate?
e \Waves are governed by local differential equations.
e A wave is a propagating disturbance in a series of coupled oscillators.

e Every oscillator radiates waves in every direction. Thinking about this is
way too much.

Huygens Principle

e Consider every point along a wave front.

e These points radiate in all "forward" directions.

Ly 300 A s e
by

L

Waie Yronts

 |f we don't interrupt the wave, it will continue to propagate as normal.

 |f we block most of the wave, except a little hole, that hole will radiate like
a wave source. This is diffraction.
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Two-slit interference Barre

Tuesday, November 26,2019 9:43 AM w/ /rvsl-‘p Slﬂ“S Serr\

—— \ )
Haﬁé V\L:l/ej
—
lT\,\/o 52/1’“3 L//rnﬁwc@r@nco Pq (‘ﬂm.

QQSFA@F/LCG( wowd §
The interference pattern is determined by the relative phase of the two waves.
7€ = Asn /1774775 - Cf’,)
£ < sn(arFt+ @)
A@ = O, 27, SRR Constractie
pp= 37 5. DestruevC

In the two-slit experiment, the phase difference
Is caused by a path length difference.

L, | AL>O
£ TAL' o
ALSO ALz m >\

If the path length difference (AL) is an integer number of wavelengths, 1\ D
the interference is constructive. To find a formula for it, zoom in on l'nJW%‘” ,
the two slits.

AL_: JSM@
{);‘4‘ 5@{33‘”%‘?(\ = d 3 MA = JSV\ @

e
\AL
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So how do we measure theta?

What does the pattern look like?
e |fy causes theta to cause m to be an integer, there is a bright area.

A diffraction grating is actually many slits, called lines. B k
Since they're so close, they're described by a density. ma = "/5 S

/0 = 25° /mes/mw\

d= 128~ 0.0 mmoz Hpm = 4900 am

Green light has a wavelength of about 530 nm.

m 2 530 :

= 2 T—* :S)/\@(

#! +7€

2 i/gblo Z(Z‘?o ) ij\/\@p_

*7 4.4 $s30 N _ <0 —
74——) - /407

250 line/mm diffraction grating.

If a combination of colors (different wavelengths) hits a diffraction grating,
which are deflected to the largest angles?

h\}:o/:fn@
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Bigger wavelength = bigger theta

It's possible for the nth order red light to overlap
with the (n+1)st order blue light.

_ 3 H
m=|

Yoo i50 s 952

A = O m) =412 620 @ e

m=2 red light reaches out to higher angles than

the m=3 blue light. o2 =3
/‘\/}_“)V,_\l
l Al L 1 I

Al m=y m=2 m=3

Co/vr_S
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Thin-film interference

Tuesday, November 26, 2019 10:21 AM

V"/‘ AC}) = O, 27 Construchve
Y o

Two contributions to the phase difference: ~rb = 27 AL

N ——m—

e Path length difference p
o Same +

e Type of reflection A¢ = m e
™ Qe %yﬁ@s

(n=2)) =t

If the path length difference makes m=integer, the interference is constructive.
e The path length difference is 2 times the film thickness.
e The wavelength must be measured in the film. £ =V= ¥>\

n

A=),

e The reflection type is determined by the indices of refraction.

\ e L -

V off n=1.4 V n=ky
/ water n<i33 Glass

i n=Ls
;‘n \/QﬂLm j Iﬂ v 5

<
—— Il
,,gn’l‘/\def{/mﬁ US& = /No
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° : Ln@Sg
-3 )\: t £ ~fhic
ém B L } /\%/\F

A film of oil (n=1.4) is on water (n=1.33).
What is the minimum thickness that will cause _
constructive interference of red light? }'QS Use 3

(m- LYy =22

Z— 2,> (éso ,,n) -2t

232 nm = 2t

/(6 nm =t

Any thickness less than this will cause
destructive interference. That would make the
film invisible.
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Review for Final

Tuesday, December 3, 2019 9:28 AM

Final Exam Info

e Thu 12/12, 8am, EN-108 (i.e. here)

* Bring a pencil(s) and a calculator with fresh batteries.

Office hours: 11-4 each day except Friday 12/6 and Monday 12/9.

Last-minute HW Extensions: Use WebAssign Extension Request
See Syllabus for policy. Absolute deadline is day of Final.

29. Review Page 42



Diffraction grating

Tuesday, December 3, 2019 9:44 AM

Physical law: mh= dsin O m= R, .. /: /
i I - — AN
Described by density: P = J’" . — £©0 min
) mm
Oe:" SO =292 mm
= 2um =Zo9° MM
Limit of m values: 508 < |
%L < | m< ,/\_,

m=0, £1, t2 k3, 14z 9 dobs
F\A :-J S
Sma//@f 0( — /2,6_@,\ @

Trend in angles:
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Electrostatics

Tuesday, December 3, 2019 9:53 AM

Charges generate E fields.
E fields are "linear": Each charge's contribution is added to the total E field.

L% E 'q“’ Q“’"‘ U
Er- = —F: (9 <E ‘,‘dworO‘ 24
Faol/co[ @

E £, £,
g‘é—"’ @ %‘,—9 @ %JK/
+2nC -‘/nC naQ"
A+ M»\J/oaﬁv{* . rl& 9 l
= - ~ A Z‘)x;o) B
c Z—' v, [\_’{ 0.0zsjz(?‘x o -{;-gxlOdﬁ
= /‘7’)10@9

Where could the electric field be zero?

At Bz E and |, “pe. s ek (E\l 1/Ez\

Since point B is closer to the weaker charge, re B 1, >

there is a point B where E = 0.
rz = '27—\ 8'\C

"F\=rgj=3_7‘c:‘~"l

rl
AET = e
’\l« eSS o — >
/—_W"«
B —~ —
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-

4 B,
(Similar situations happen in magnetostatics. (1 2 - - T
_ _ : . 1, () 2
There are locations near a pair of parallel wires e \ o . X
where the net magnetic field is zero.) ‘\ ],B ‘
N

This is how balanced transmission lines and
twisted pair reduce noise.

The other source of electric fields is fluctuating B fields. (Faraday's Law)

Results of electric fields: — —
e Exert forces on charges (Coulomb force) F; — 95 =
 Fluctuating E generates B (Displacement current)

1R
E = L}7S‘I<€
1 ) A b\'
)/ 4 Q = (/Z@MA\/

<’

Why capacitors? Gathering +Q without the -Q
would create HUGE electric fields that would
tear our lab apart.
e The net charge of a capacitor is always zero.
e The capacitance doesn't depend on voltage or
the rest of the circuit.
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Decibels and intensity

Tuesday, December 3, 2019 10:27 AM

>
e Decibels always measure a ratio of energy-like A
quantities (energy, power, or intensity). &
R/ T Ahe
I:‘ L e Ic = O
12 W,
An "absolute" sound level is referenced to: fg = |O m

Normal Conversekens =60 AR T ¢

Normal conversation has an intensity of a
million times the reference level.

When comparing two sounds via a relative level, one of the sounds is the
reference.

Ex: 40 people talking simultaneously. How much louder is this than
one person?

T C
7 - Lo = |0
’05‘10 =~ /g/;o

io lojl—)o ::./3 — /6 O/}g
Easy dB values: 0dB =factorof 1 3 dB = factor of 2 10 dB = factor of 10
Increasing or decreasing the intensity by multiplication and division
corresponds to adding or subtracting the dB value.

Filters tend to be rated by a dB value.

Sound tends to radiate outward in all directions, so

the intensity is inversely proportional to distance I = Yy
squared.

29. Review Page 46



Ex: Increase r by doubling -> | decreases by 4
times -> level decreases by 6 dB.
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General topics

Tuesday, December 3, 2019 10:40 AM

» Electrostatics % R
e DC Circuits

e Magnetism % 34
e AC Circuits
e Waves and Optics 4o%4
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