Problem Set 12.1;: Waves and Photons
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The commient that light can be transmitted as an electromagnetic wave refers to the face that
light can be modelled by coupled transverse waves, one a magnetic field and the other an
electrical field, at right angles to each other, that move forward by creating each from the
other at the speed of light.

a) The term coherent is used to describe light sources of the same frequency, and that have a
constant phase difference (ie they are in phase.}).

b) No — because they are producing more than one frequency of EM radiation. Coherent light
must be monochromatic, as even if the light sources produced the same range of frequencies,
there is no reason why both sources will produce the same frequency at the same time.

According to the formula £ = if the energy of a photon is reliant not on the velocity of the
photon, but on its frequency. Different colours of light correspond to photons of different
frequencies, and therefore, according to £ = hf, different energies.

E =hf
E = (6.63x10731)(3.85%10%)
E = 2.55x1071%7J

E=hf
1.00x10™17 = (6.63x10~34)F
£ =1.58x10% Iiz

This corresponds to the Ultraviolet region of the EM spectrum

a)E =hf
E = (6.63%10734)(1.30x105)
E =8.62x10728]

bye=Af
3.00%10%
A=
1.30%106

A=231x10%m

1
c)EzEmv2

8.62x10728 = %(9.11x10‘31)v2
v = 4.35x10' ms™

alc = Af
4= 3.00x108
T 2650%106

A=113%x10"1m

b}E = hf
E = (6.63X10734)(2650%105)
E =176X1072%]
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¢) Energy after 2.5 mins:
Eipe =P.t
Eior = 1100%2.5%60
Eior = 1650001)

Etor

n —
phaton Ephomn

n 165000
photon ™ 4 7gx1p-24

Npnoton = 9.38%10%7 photons

a)uv
b} E = hf
E==
E = (6.63x1073*)(3.00%108)

905x10~
E=220x10"1]

C} Eputse =P.t
E = 34(150x10™%)

E=51%x10"%]
E
pulse
Nphot =
protons Ephoton
5.1x1078

Mphoton = 3 50x10-19
Nphoton = 2.32%x10% photons

Antennas need to be mounted in an orientation which corresponds to the method of
polarisation the waves they're receiving have been subject to. Horizontal antennas are placed
to receive TV signals, as the TV signals are horizontally polarised themselves,

a)c = Af
1= 3.00x10"%
1.52x10%
= 197x10" ' m
b)E = hf

E = (6.63x1073M(1.52x10%)
E =1.01x10"2*]

Eenergy released in 1 second

il

€) Mphotons in 1 second z
photen

5.00
n N = ——
photons in 1 second 1.01%10-24

Nphotons in 1 secona = $.95%10%* photons in 1 second

d) Assuming time elapsed starts with the first pulse:
250 pulses in 1 second.




E _ Ey second

single pulse — E pulses in 1 second

E __5.00
single pulse = 250

Esingte putse = 2.00% 1072)

1. ¢ = Af
3.00%108

T 235%10°
F = 6.90x10%Hz

E = hf
E = (6.63x1073%)(6.90x10%%)
E = 457x10-19]

P = Ephoron -nphotons in1second
P = 457%x1071%, 3.25x1018
P = 149W

W =Pt
W = 1.49%x1.2x10"3
W = 1.78x1073]

12, a} E = hf
he
E=7%

E= (6.63x1073%)(3.00x10%)

694x10~%
E=287x10"1%]

byl =%
A
1.00

= 10x10-6 R
I'=100000 W.m™

¢) Laser is 100x brighter.

13. E = hf
_ he
)

g (6.63x10734)(3.00x10%)

6.00x107
E=332x10"17]

Eenergy released in 1 second

Mphotons in 1 second = E
photon

1.70x1078
Mphotons in 1 second = 3.32x10-19

Mphotons in 1 second — 5.13x10%° plotons in 1 second
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14, a)c = Af
__ 3.00x108
T 720%1038
A =417x10%m

b) Assuming the full power is used for the day:

E=P.t
E =50x103x60x60x24
E = 4.32%x10%]
15. a) E = hf
E
f==

2.00x1072%
f= 6.63%10~34
f =3.02x10° Hz

byec = Af
_ 3.00x108
T 3.02x10°
A=995x10"*m

¢)
Compared to VL
E Smaller
f Lower
A Greater

[6. a) Green light has a higher frequency than the IR beam, which means 1t is less likely to

interact with the molecules on the way through the water.

b) High intensity means the beam consists of many photons. It needs a high intensity because
photons may scatter due to collisions with molecules in the water. The more photons, the

more photons that will successfully be reflected back.
¢} Wavelength = .75x532 = 399 nm

d) Frequency doesn’t change between different media
[

f=7
_ 3x108

f= 532%10~9

f =564x10" Hz

¢) Speed of light in water is roughly 75% of the speed of light in air.

distance
speed = =
time from bottom of ocean to top
distance
0.75%3x10% =

%(3.3><1o~6)
distance = 427.5m
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17. a) Incandescent globes only emit a small proportion of energy supplied as visible light. A
large proportion of the energy supplied is radiated as heat; EM radiation in the Infrared range.
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b} Blackbody curve should have its peak in the UV part of the spectrum,

Af

_ 3.00x108

" 5.2Bx1016
A=568x10""m

c)c

d)E = hf
E = (6.63x1073%)(5.28x106)
E =350x10"'7]
E =2.19x10% eV

Eenergy released in 1 second

€) Npnotons in 1 second z
photen

75.0
T . e ———————
photons in 1 second 3.50%10~17

Nphotons in 1 secona = 2.14%10%# photons in 1 second

) It would be hard to determine the number of photons from experimental measure, as the
photons are not travelling in a beam towards a detector like in a laser, but radially. This is
impractical to detect due to the fact they can travel in any direction.






