3. Find x.

3cm

. Write < or >.
R 4c. Expand (a+b)”

(a+b)”
3.02

= =00
[ e v - x> 8 y-8
ba" AS w/zl _wﬁ— ¢ = B

‘=(o. -+ \:3"
or

/2/ = (o + BY 7 um 1 =\ )
d. 625 —— 6.4 >( s x

N g (e bk mch vy e -~
s Of 0w Rornt >
e. Y-

3. Name an angle complimentary to BDC

a. 0.5 _&j__ 1.0

b. 3.2

c. 4.83

Problem solving
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Harmonic oscillation: Problems

An ultrasonic device uses sound at a frequency of 6.7 x 10° Hz.

How long does each oscillation take and what angular frequency

f=1/T
o = 2nf

does this correspond to ?

1 1
T=—= —— =15 X 10775 = 0.15 s
f 6.7 X 10° Hz

w = 2mf = 2w (6.7 X 10° Hz)
= (2 rad/cycle)(6.7 X 10° cycle/s)
= 4.2 X 107 rad/s

Vincent Hedberg - Lunds Universitet




Harmonic oscillation: Problem

T \VAVAVAVAVAVAVAVAVAVAVAY « 3¢

ORLRE : -
x=0 x=0.030m

What is the spring constant ?

Note: The spring force is in the negative direction F = ma

Hooke's law for a spring / N = kg m/SZ
F, —06.0 N
F=—kX k=——= = 200 N@kg/sz

x  0.030m
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Harmonic oscillation: Problem

m = 0.50 kg
!

IVVWWWWWVWWVWR
k = 200 kg/s? y | | g |

| |
=10 2=0020m

The mass is withdrawn 2 cm and released.
What will be the angular frequency, frequency and period of the oscillations?

[k /200 kg/s?
w = ,/—|= —g/ = 20 rad/s
7] 0.50 kg

_ o WEE e evelslk — 80 H
o = 2nf f_277_277 rad/cycle wyelejs = A ‘

1| 1
A 3.2 eyclefs

T = = 0.31 s
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Harmonic oscillation: Problem

k=200 kg/s? t =0
®=20rad/s x,=0.015m
Vo = +0.40 m/s

m = 0.50 kg

L MANAVVR

| |

x—=0 x—=0.015m

What is the amplitude and the phase angle ?

Vincent Hedberg - Lunds Universitet

|x = Acos(ot+d) | — X = A

=_x = - 1 4 e st N

V=3¢ ® Asin(0t+d) —p v = A ————~ 5| vgy = —wAsing
—_dv _ __2
g = Acos(Dt+d) —e a, . = ZA Uox —wA sin ¢

. = = —wtang¢
X0 Acosdo
¢ = arct (—vO}C){O'mm/S = —53° = —0.93 rad
WERON T oxg/ T TN 720 tad/5) (0015 m) S I
A=%x0/cos$dp=0.015/cos(-0.93)=0.025m
5




Harmonic oscillation: Problem

k = 200 kg/s? t =0 —
® = 20 rad/s S VVVWWWWWWNR .
¢ =-0.93 rad /1/ p

A =0.025m . [ L R

=10 2=0015m

What are the functions for position, velocity and acceleration ?

x= Acos(®t+) — > Xpa = A x = (0.025 m)cos[(20 rad/s)r — 0.93 rad]
v=AX -0 ASin@EH) e vy = 0A v, = —(0.50 m/s) sin[ (20 rad/s)t — 0.93 rad]

a=g—: = -0? Acos(0t+0) —p a_ . =mA a, = —(10 m/sz)cos[(ZO rad/s)r — 0.93 rad]
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Harmonic oscillation: Problem

A=0.020m
k=200 N/m
m=0.50kg

f\\\\\\\\\\\\“‘

t = O m = 0.50 kg

x=0 z2=0020m

What is v, .., Qe ANd @ ?

k [200 kg/s?
= ke = 20 rad/s
m 0.50 kg

X = Acos(0t+0) — Xpa = A e
=LX =0 ASnOFH) - vy, = 0A
- dv —— 2 . | Vmax
a ra ®° Acos(t+d) —p Amax = O°A o

=20.0.020 = 0.40 m/s
=20-20-0.020 = 8 m/s?
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Harmonic oscillation: Problem

A =0.020m t=0 m = 0.50 kg

k =200 N/m Hw \\\\\\\\\\\\ x
m = 0.50 kg / s bL S

o = 20 rad/s X L 0 = I= 0.020 m

What is the phase angle ?

x = Acos(®t+d) > X, =A Getting the phase angle:
" x=A whent=0
=L =0 Asin(@HH)) — > vy, = 0A
dv . . A=A cos(0+ ¢)
A= = Acos(0t+0) — a . = 0°A B ==

Vincent Hedberg - Lunds Universitet 8



Harmonic oscillation: Problem

A=0.020m m — 0.50kg
k=200 N/m

m:().SOkg i \\\\\\\\\\\ﬁ g "

o =20 rad/s I I

— —=-0.010
(1) -0 x g = m

What is v and a when x is halfway in from the maximum position ?

% : . A x = Acos(wt)
X= SCOSEm) Xmax = 0.010 = 0.020cos(20t)
\% =_::il.;£_ — —0) Asin(mt) ._’.. vmax — G)A (DT = 201- = GCOS(0.0IO/0.0ZO) = 1.047 r'Cld
. g_: kil — e 8= A V =-20+0.020 sin(1.047)=- 0.35 m/s

a=-20%2+0.020 cos(1.047)=- 4.0 m/s?
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Harmonic oscillation: Problem

A=0.020m

k=200 N/m . | - ﬁi: 0.50 kg

m =0.50 kg t [’}{(’"\ \ \ \\ \ \\ \ \ \ \f"’\i 2%

o =20 rad/s !/97 s e e b TRy

=0 .?CLO x]:0.010m

x=0.010m

v=-0.35m/s What is the kinetic, potential and total energy ?
SIS =-oid Ep=1kx? = 1(200 N/m)(0.010 m) = 0.010 ]

Potential energy:

Ek= 3mv,> = 3(0.50 kg)(—0.35 m/s)? = 0.030 ]
ET= Ep + Ek — 004()]

Total energy: | =E +E, kA?
T A — (Ex=0for x=A)

Vincent Hedberg - Lunds Universitet 10



Harmonic oscillation: Problem

Assume the following: A car has a mass of 1000 kg.
A drivers weight is F = 980 N and causes the shock

A body is placed atop the spring. It is in
equilibrium when the upward force exerted by
the compressed spring equals the body’s weight.

absorbers to drop by 2.8 cm. The car drives over a A sprice— I"‘“’
bump and begins to swing by harmonic oscillation. Mooy S ¥
. . law _ =~
What will be the period and frequency ? = —
= -kx
Fx U 1. SN kg/s?
f=1/T X —0.028 m
= o = an The person’s mass is w/g = (980 N)/(9.8 m/s?) = 100 kg. The
total oscillating mass is m = 1000 kg + 100 kg = 1100 kg. The
1% period 7'is
2X I l
: 2 T=1=2—7T=2m/ﬂ \/ S 1dis
E w = P w k 3.5 X 10* kg/s®

The frequency is f = 1/7 = 1/(1.11 s) = 0.90 Hz.

Vincent Hedberg - Lunds Universitet
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Harmonic oscillation: Problem

A lump of clay with the mass m fallsona @ AL

moving mass M at the equilibrium position. PUriY N
B .
: 0 f—
Calculate the new period T, ! VWWWVARR7 “m 4 »
Give the result as a function of R - L e
k,m, M | Equilibrium position
f=U/T |— T=1=2_W=2W\/E The new period T:
o = 2rnf i ﬁ f
2T M+m
T2: = — ZT[
k W k
PR 1.
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Harmonic oscillation: Problem

A lump of clay with the mass m falls on a @

moving mass M at the maximum position.

K

I |
NN F [v=0

Calculate the new period T, and the new e eececa~ rarrcaris (Eeeaseabl
. Ty
GmpllTUde AZI Equilibrivm position
f=1T : 1 2a R — 21 M+m
o = 2rnf e T % TZ:ZZZH .
- |k — 1
&= For x = A the kinetic energy = 01 E;= 0+ E; = S kA
1

The total energy is conserved: E;=E,, och A,= A

Vincent Hedberg - Lunds Universitet 13



Mechanical waves: Problems

The speed of sound depends on the temperature and is
344 m/s at 20 degrees.

What, then, is the wavelength of sound with the frequency 262 Hz ?

v=FfA

v 344 m/s 344 m/s
A=—= = =131 m
f  262Hz 26247}

Vincent Hedberg - Lunds Universitet 14



Mechanical waves: Problems

You wave a rope up and down and create a sine wave with the
frequency 2.00 Hz, the amplitude 0.075 m and the wave
speed 12.0 m/s.

Calculate the period, the wavelength, the angular frequency
and the wave number |

FoUT Given: To calculate:

(0-_ onf A: Amplitude = 0.075m T; Period=1#f=0585

v =f A f Frequency =1 /T =2.00 Hz »: Wavelength =v T =6.00m

k = 21 /7\. 2> Willnra Speed — T TR o: Angular trequency =2 nt=4mn rad/s

k: Wave number =2t/ . = Yam rad/m

Vincent Hedberg - Lunds Universitet 15



Mechanical waves: Problems

At t = 0, the rope you hold in your hand (x = O) is in its highest position (0.075 m).
What is the wave function for the oscillations ?
What will be the wave functionat x=0and x=3.00 m ?

_ o: Angular frequency =2 nf=4n rad/s
Calculated previously: o
k: Wave number=2n/ % ="51 rad/m

cos(-x) = cos (x)

v(x.t) = Acos(kx-wt) = 0.075cos(Vsnx - 4t
v(0,t) =0.075cos(-4n t)=0.075cos(4mr t)
y(3,t) = 0.075 cos(n-4nt) -7\-0.075 cos (-4nt) = -0.075 cos (4xt)

cos(m-x) = -cos (x)

Vincent Hedberg - Lunds Universitet 16



Mechanical waves: Problems

A man in a hole sends a signal by making a wave on a rope at whose end it hangs a weight of 20 kg.
What is the speed of the wave in the rope? If the rope is put into sinus oscillation with f = 2Hz,

how many wavelengths can fit on the rope ? .
5 The tension in the rope due to the box is

I AN F = mpog = (20.0kg)(9.80m/s?) = 196 N

Mrope = 2.00 kg———— and the rope’s linear mass density 1s

_ M raope o, 2.00 kg — 0.0250 kg/m
B=T7 200m &

the wave speed is

F 196 N
v=.,—F \/— = 88.5m/s
s 0.0250 kg/m

the wavelength is

v] 885 m/s
h=-kF——L =443m
J1 200s
gﬁn /;( i There are (80.0 m)/(44.3 m) = 1.81 wavelengths (that is, cycles
peEics N of the wave) in the rope.

80.0 m

Vincent Hedberg - Lunds Universitet 17



Mechanical waves: Problems

A: Amplitude = 0.075 m

t: Frequency =1 /T =2.00Hz

v: Wave speed=%1/T=12.0m/s
T+Period=1/f=0D53%

»: Wavelength = v T = 6.00 m

m: Angular frequency =2 nf=4n

k: Wave number=2n/ 2= Y%n

1 Linear mass density = 0.250 kg/m

F: Tension=36.0 N

You swing a rope up and down and create a sine wave with
the frequency 2.00 Hz, the amplitude 0.075 m and the
wave speed 12.0 m/s. The rope weighs 250 grams per
meter and is tensioned with the force of 36.0 N.

Calculate the maximum power and average power needed.

V pLFa)QA2
= V/(0.250 kg/m)(36.0 N)(4.007 rad/s)%(0.075 m)?
=266 W

Py = 2P =3(266W) =133 W

Vincent Hedberg - Lunds Universitet 18



Mechanical waves: Problems

A sine wave moves in negative x-direction along a guitar
X string at the speed of 143 m/s.

The amplitude is 0.750 mm and the frequency 440 Hz.
The wave is reflected at x = 0 and forms a standing wave.
What will be the function that describes the movement of the string

in the y-direction ?

v(xt) = 2A sin(kx) sin(mt)
A=0750mm = 7.50 X 10 *m

w = 2mf | (27 rad) (440 s71) = 2760 rad/s

@] 2760rad/s
v

= = 19.3 rad
143 m/s adljm

i
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Mechanical waves: Problems

v =143 m/s

f =440 Hz .

A=000075m  Where will there be nodes on
o= 2760 rad/s the string ?

k =19.3 rad/m
- _o A 22 3
There will be nodes for X =0, B g

f=v/A|—> A=v/f=143/440=-0.325m

There will be nodes for X = 0,0.163 m, 0.325 m,

Vincent Hedberg - Lunds Universitet 20 °



Mechanical waves: Problems

v =143 m/s
f =440 Hz
A = 0.00075 m
® = 2760 rad/s
k = 19.3 rad/m

v(xt) = 2A sin(kx) sin(wt)

vy(x.t) = 2Am sin(kx) cos(mt)
Vy(X, max = 2A® = 4. 14 m/s

ay(x.t) = -2Am? sin(kx) sin(mt)
ay(X,Dmax= 2A0% = 11426 m/s?

What is the amplitude of the
standing wave ?
What will be the maximum speed
and the maximum acceleration ?

mmmm) Amplitude = 2A = 0.0015 m

Vincent Hedberg - Lunds Universitet 21



An octobasse has a string that is 2.50 m long and
weighs 40.0 grams per meter.

What tension force is needed for the fundamental
frequency to be 20.0 Hz ?

1 F
v= 5 h=E {5

F = 4pL*f;*= 4(40.0 X 102 kg/m)(2.50m)*(20.0 s 1)* =400 N

\-\_\% Ny

\
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Mechanical waves: Problems

"k U f,= 200 Hz What will be the frequency and wavelength of

L=250m the second harmonic frequency ?
u=40.0g/m
F =400 N What will be the frequency and wavelength of

the second overtone ?

v

fo=nor=ni (n=123 ...)F—— f2=2f =2(200Hz) = 400Hz
27, 2(2.50m)

An=27L n=123 . ) b— | =3 < 2 — R
The second overtone is the f3 = 3fi = 3(20.0Hz) = 60.0 Hz
second frequency above the 27, 2(2.50 m)
fundamental frequency, i.e. n =3 Ay = 5= 3 — .04 R
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The string vibrates at its fundamental
frequency.

What is the frequency and wavelength of
the sound it emits ?

The speed of sound is 344 m/s.

. - f = f1 = 200Hz
\” = ?v T — ?\a t ,\
| el _ Ugouna _ 3M mjs P,
Ar=v/f 1(sound)} — 7y = 50.0 Lz = wle T
. g
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Sound: Problems

A sinusoidal sound wave has a frequency of 1000 Hz and a pressure
amplitude of 3.0 x 10-¢ Pa.

Air: v=344m/s, B=142 x 105 Pa

What will be the maximum movement of the air due to this sound wave ?

2af (2 rad)(1000 Hz)
% = / = ( ( = 18.3 rad/m

v 344 m/s

e

_ -2
pmax BkA | 0 = Pmax _ 3.0 SX 10 " Pa =12x%x107" m\
Bk (142 x 10° Pa)(18.3 rad/m)
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Sound: Problems

A human can hear frequencies between 20 and 20000 Hz.
What wavelengths does this correspond to ?

Assume that v = 344 m/s

= fi = o >)=v/f
A=344/20=17m forft=20Hz

L= 344 /20000=1.7cm tort=20kHz
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Sound: Problems

A sonar system sends out sound waves at a frequency
of 262 Hz.

What will be the speed and wavelength of this sound
wave if B = 2.18 x 10° Pa ?

What will be the velocity and wavelength of the wave
in air if B =142 x 10° Pa and the density 1.225 kg/m3

\/E \/ 2.18 X 10° Pa ——
= = = S L
P 1.00 X 103 kg/m? = V = 340 m/s in air
v| 1480 m/s A =13 minair
A= —|= —— = 5.65m
o 262 s
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Sound: Problems

A siren sends out sound waves uniformly in all directions.
The sound intensity is 0.250 W/m? at a distance of 15.0 m.

At what distance is the intensity 0.010 W/m? ?

2

I/ 1 Fa ) ; :
) (inverse-square law for intensity)
2 Fi

ry = ria/— = (15.0m) = = 75, 0m
1 0.010 W/m

Vincent Hedberg - Lunds Universitet
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Sound: Problems

Calculate the sound intensity if the pressure amplitude is
3.0 x 102 Pa, the air density is 1.20 kg/m3 and the speed
of sound is 344 m/s |

__ Pmax

2

_ p I’Ilan

' = 2 /0B —>
v:\/é _“/_pB=Vp

(3.0 % 16+ Pa)®

i =

2pv

N 2(1.20 kg/m>)(344 m/s)

=11 X 10°J/(s-m?) = 1.1 X 107° W/m?
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Sound: Problems

What is the pressure amplitude of a sound wave with f = 20 Hz if it has the
same intensity as a sound wave with f = 1000 Hz, T =11 x 10-® W/m? and
Prax = 3.0 X 102 Pa. Assume that p = 1.20 kg/m3 and v = 344 m/s

Wave 1: f = 1000 Hz, ppox = 3.0 x 102 Pa, p = 1.20 kg/m3, v=344m/s, I=11x10°W/m?
Wave 2: f=20Hz, p=??22222222?, p=120kg/m3, v=344m/s, I=11x10°W/m?

2

;] — Pmax
2+l DB

Since pB = constant and I, = I, then follows that p,uu2 = Pmaxt = 3.0x10-2 Pa

Wave 2: f=20Hz, Pppox=3.0x102Pa, p=120kg/m3, v=344m/s, IT=11x10°W/m?
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Sound: Problems

What is the displacement amplitude of Wave 2 in the previous problem ?
Wave 2: f=20Hz, Py =3.0x102Pa, p=120Kkg/m3, v=344m/s, I=11x10%W/m?

I = % \/ pB w?A?

> > I =(po2/2I) w2A2/2
e N T

I=(p, . 2/2I) w2A2/2 [—) T2=p 202A2/4 ) T=p__oA/2

Az=2T/ppx®=2x 11x10°¢/(3.0x102x 2n x 20) = 0.58 um
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Sound: Problems

At a concert you want a sound intensity that is 1 W/m? at

a distance of 20 m from the speakers.
What output power do the speakers need?

Intensity is the average power per unit area: [=Pav/ Asea
P

The intensity through a sphere with radius r: E =y B
P

The intensity through a hemisphere with radius r: /= >—5

P=2Tr’I=25kW

32
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Sound: Problems

After 10 minutes at 120 dB, the human hearing threshold is temporarily changed from
0 dB to 28 dB if f = 1000 Hz.

After 10 years of 92 dB, the limit for human hearing is permanently changed from O dB
to 28 dB if f = 1000 Hz.

What sound intensity corresponds to 28 dB and 92 dB ?

f =10 logll

[ =1,-108/10 with| L= 10-12 W/m2

Lsag = (10712 W/m?)10%® = 6.3 x 1071° W/m?
Ips ap = (10712 W/m?)10°2 = 1.6 X 107> W/m?
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Sound: Problems

A bird sings with constant power.
How many decibels does the intensity level go down
if the listener doubles the distance to the bird? “\

K)

2 2
1
h-rn _, — 4 B = (10dB)log—
|

2 2
0
12 7"1 rl

I I
B> — B1 = (10 dB)| log— — log—
B T

= (10 dB)[(log I, — log Iy) — (log I — log I)]

5]
= (10 dB)log—

I
B, — B1 = (10 dB)logI—Z = (10 dB) log: = —6.0 dB
1
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Sound: Problems

Listener Police car at rest
B ¥g=0 f = 300 Hz
vi= 30m/s Ql“ =
O © Speed of sound = 340 m/s

What frequency does the listener hear ?

Listener Police car at rest
fL = ? 3 Vg = 0]
v =-30m/s — .
e S Tw5 s
© S

uf __ 340 mis =+ { —30 m/s)

300 Hz) = 274 H
v + vs 340 m/s ( 2) “
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Sound: Problems

A police car with a siren of f = 300 Hz drives
towards a house at the speed of 30 m/s. What
frequency does a listener hear in the house?

‘ UL =1
—30 m/s -
L )) I'LJ
= S
LtoS
Wk — A 300 Hz) = 329 H
S = v+ vSfS ~ 340m/s + (=30 m/s)( Z) = s
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Sound: Problems

A police car with a siren of f = 300 Hz drives ‘
towards a house at the speed of 30 m/s. What - —
frequency does a listener hear in the police car ~ [IGHET)

if the sound is reflected back to it? =

The house becomes a sound source with the frequency 329 Hz as calculated earlier:

f=329 Hz
- ____— 4 y vg = 0
—re U = T30 my/s
i + (] ®
LtoS
U+ Uy, 340 m/s + 30 m/s
fi = —Ef = (329 Hz) = 358 Hz

v B 340 m/s
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Electromagnetic waves: Problems

A laser sends out a sinusoidal electromagnetic wave in the negative x-direction with
the wavelength 10.6 um. The E-field is in the z-direction and E, ., = 1.5 MV/m.

Give the wave function of the laser beam.

Eoiue 1.5 x10° V/m A
= Bz = = =50x10°2T
E.max c Bmax e e 3.0 X 10® m/s
2 27 rad
= k= ;T - ik — 5.93 X 10° rad/m

10.6 X 10 ® m

c = w/k w = ck = (3.00 X 10® m/s)(5.93 X 10> rad/m)
= 1.78 X 10'% rad/s

E(x. 1) = k(1.5 X 10° V/m)

e
% z—compohent onhly

y—component ohly X cos[(5.93 X 10° rad/m)x + (1.78 X 10 rad/s)r]
B = 5 —3
E(x, 1) = kExcos(kx + wr) B(x, r) = j(5.0 X 107~ T)
B(x, 1) = jBpaxcos(kx + wr) X cos[(5.93 X 10° rad/m)x + (1.78 X 10 rad/s)z]
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Electromagnetic waves: Problems

Yellow light with f = 5.09x10!* Hz goes from vacuum into a diamond.

What is the wavelength in vacuum?
What is the wavelength and wave velocity in the diamond if K = 5.84 & K,,=1.00

Vacuum:

3.00 X 10%
v=c=A/T=\f :> Mvacuum = ? - 2 5.80 X 1077 m = 580 nm

5.00 X 10'* Hz

Diamond:
- ——> R LU LI R
_ Udiamond — = = L. my;s
4 diamend KK, S [5.s4(1.00
VKK, :
. Udiamond . 1.24 X 10 Il'l/S

Mg = =
diamond f 5.00 X 1014 T

= 244 X 1077 m = 244 nm
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Electromagnetic waves: Problems

Radio waves with 90.0 MHz go from vacuum into insulating ferrite.

What is the wavelength in vacuum?
What is the wavelength and wave velocity in the ferrite if K = 10.0 & K, =1000 ?

" ¢ 3.00 X 10® m/s "
- - - vacuum . 5 = J. m
v=A/T=Af=c f 90.0 x 10° Hz
C 8
c 3.00 X 10° m/s
V= — et = = = 3.00 X 10° m/s
VKK, VKK, V(10.0)(1000)

B  Uferrite  3.00 X 10° m/s
fermite = ¢ 7 90.0 x 10° Oz
=333 X 102 m = 3.33 cm
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Electromagnetic waves: problems

A sinusoidal electromagnetic wave has Given:
E,.x = 100 V/m. What is B, ? po = 47 X 107 T-m/A
What is the maximum energy density? g = BES R 1628 e
E 100 V/m
B = Zmax|— /8 =383 % 107 T
Ll & 3.00 X 10° m/s

E (x,t) = Epaxcos(kx — wt)

u(xt) = g, E*|F ¢, E, . “cos?(kx — wt)

u,..= & Emax2 = (8.85 X 10712 C?/N-m?)(100 N/C)* = 8.85 X 10™° N/m*

Vincent Hedberg - Lunds Universitet 41



Electromagnetic waves: problems

A sinusoidal electromagnetic wave has
E..x =100 V/mand B, = 3.33x107 T.

Given:
= 47 X107 T-m/A
= B85 ¥ 10 % C¥Y/N=m"

T hmameax
=INo=—

21

o
What is the intensity? "
E,...B N
Se(X, t) = —hae L 2 Bt — i
E. B _ (100 V/m)(3.33 X 107" T)
I — ‘ST.“. - M —
: 2 2X4r X 1077 T _—

= 13.2 W/m?
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Electromagnetic waves: problems

Satellite

A radio station sends out a sinusoidal wave with an average

power of 50 kW. What will be the amplitude of the wave if
it is detected by a satellite
e\ 100 km away?

r = 100 km
Mo = 47 X 107 T-m/A
g = BES ¥ 100N em®

TR? E

2
P P max C
A

Area: il =
I from method 1: I~

 27R? <>
2

ElllaXBnlaX EITIBX
I from method 2: I =S, = =

240 2poc
Amplitude for E: g B
max - PI,(OC .
2uoc  2mR? m—- = 245x1072V/m
E nax — »
Amplitude for B: Brox = % = 817 X 10711 T
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Interference: Problem

Y =9.49 mm for the line withm = 3

. m=23
el 9.49 mm m=2
S m=1
. ~d = 0.200 mm |—+— X
What is the wavelength iai -
of the light? | o
=
<R =100m Screen
. Rm_/\ ) y.d (949 X107 m)(0.200 X 107 m)
Ym — 74 mR (3)(1.00 m)
633 X 1072 m = 633 nm
44
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Interference: Problem

m

Two antennas send out radio waves with . 2
f = 1500 kHz. They sit 400 m apart.

m= +1
0 = +30°

= Il
o

(e}
30030

Why is the intensity greatest at O, 30 and
90 degrees ?

=2 00! m= +2
—90° .|—-: ® 0 = +90°
S 5 .

400 m

m

dsin = mA e—— max m{200m)
sinf = — = = —

S d > 400m 2
d=400m |
6 = 0, =30°, +90°

A=c/f =200m
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Interference: Problems

m=0
Two antennas emit radio waves at f = 60.0 MHz. m= -l R-f0a 2;;
They sit 10.0 m apart. The intensity is 0.020 W/m? at a '

distance of 700 m for m = O.

What is the intensity at the distance 700 m for

900I

0= 4.000? L S||.‘;>|.S» .
100m
y = 700 tan(4.0°) = 48.9 m ;- ,Ocoszg N ,Ocosz(wdy)
AR
R=700m A=c/f=500m
0 =40 d=100m
[=0.020 cos*(m+10.04489/ (5.00-700)) = 0.016 W/p3*/|
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Interference: Problem

Two thin 10.0 cm long glass plates are separated

at one end by a 0.02 mm thick paper. Light with a
wavelengths of 500 nm creates dark interference
lines. S NN
What is the distance between the lines ? e —

1 h=0.0200 mm

Destructive reflections: 27 = ma i =0, 1,2, 5..)

h
X t 2xh
T = IHAO
-+ - - - ————— =
1 N (0.100m)(500 X 107 m)
t h X=m_—-=m - = m(1.25 mm)
~ = T 2h (2)(0.0200 X 1077 m)
2xh Successive dark fringes, corresponding to m = 1,2, 3,..., are
2t ='—1—' spaced 1.25 mm apart.
1 wf

Vincent Hedberg - Lunds Universitet 47



o Interference: Problems

A thin layer of MgF, with n=1.38 is coating a lens with n = 1.52 in order
to stop reflections of light with wavelength 550 nm.

How thick does the MgF, layer need to be ?

A gim = Agir / Ny = 550 nm / 1.38 = 400 nm

Film thickness: t = Ag,, / 4 = 400 / 4 = 100 nm
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Diffraction: Problem

A =633 nm

/Slit width = ?

x = 6.0m

e

Screen

y = (32mm)/2 = 16 mm

mA
Y = X T o (60m)(633 X 1079 m)

a a="—= — =24 X10*m = 0.24 mm
y 16 X 103 m
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Diffraction: Problem

The intensity in the

A =633 nm

central peak is I,,. B siit width — 24
4
. . . L, 32 mm X
What is the intensity
3.0 mm away from this |-
S x =6.0m
peﬂk ? Screen
B tanf = y/x = (3.0 X 1073 m)/(6.0m) = 5 x 10-% = sin(0)
}\’ : 633 At 2 27(2.4 X 1074 m)(5.0 X 107%)
x=6.00m B = Sasing |= c33 % 107 m = 1.20 rad
a=0.24 mm sin(B/2) P2 SO0
y = 3.0 mm i "’[ B/2 } - 0(*5as) =08
50
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Diffraction: Problem

The intensity in the central peak in a single slit spectrum is I,,.

What is the intensity at a point where the phase difference between waves from
the top and bottom of the gap is 66 radians ?

If this point is 7.0° from the central peak, how many wavelengths wide is the gap ?

: in(33 rad) 72
sin(B/2) 1? - {sm(? ] - —4
B - 66 rad e ,0[ - } I= 1) —5— (9.2 X 10741,
Yar a_ B _ 66 rad _ ma
0=7.00 B = Tasm@ A 2msin® (2w rad)sin7.0° 5
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Diffraction: Problem

Collimator

Grating R https://www.youtube.com/watch?v=b85paV77dS8

Grating: 1000 slits per mm  1st order maximum at 24°  What is A 2

dsinf = mA with d=1mm /1000 slits = 10® m
0 = 24°
A = d sin(8) = 106 sin(24°) = 0.407 x 10¢ = 407 nm
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