Physics SN3

Problem Set #6: Quantum Physics

Solutions
Part A
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3. The larger the coefficient of thermal conductivity is, the lesser the change in temperature will be

across the material. The distribution of heat will increase as the thermal conductivity grows...
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9. C

Carbon dioxide (CO) is a greenhouse gas that absorbs radiation emitted by the Earth's surface.
This traps heat inside the atmosphere, contributing to the warming of the planet.

10. A
11. C Longest A = smallest energy
E pon =—AE,,,, Smallest AEqon: Look for smallest ‘jump’ (but must finish on level

n = 2 for Balmer series).

12. a) Vibrating electrons, atoms, molecules etc. can only have discrete values of energy
E, =nhf
where f is the natural frequency of oscillation.
b) These oscillators can only emit or absorb energy in discrete packets.

13. An electron accelerating around a nucleus should continuously emit EM radiation (and with
it, energy). As it loses energy it should spiral into the nucleus (just like a satellite losing
energy due to atmospheric friction would spiral inward and eventually fall to the ground).

As it falls into lower orbits it will revolve with greater and greater angular frequencies and
therefore the radiation emitted will also have greater and greater frequencies. Result: As it
spirals inward to the nucleus, a whole spectrum of EM frequencies will be emitted. (Another
result: the lifetime of the orbit, and therefore of the atom, would only be a tiny fraction of a
second. Hmmm...)

14. If an object is comparable in size (or smaller) to the wavelength of the waves that are hitting
it, it will not be detected. The wavelengths of electrons at the energies used in the electron
microscope are orders of magnitude smaller than the wavelengths of visible light and can
therefore discern smaller details.




Part B

1.

The rate of energy transfer % is given by:
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(a) Per Wien’s law, the peak in the distribution shifts towards shorter wavelengths when the
temperature of the object increases.

(b) The domain of the spectra shown is below the most energetic visible photons (Ayisipie €
[400; 700] nm).
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3. Using Wien’s displacement law: A, = —2'898T10
2.898-1073
@) Amax = (—35_0+273) =941 um
2.898-1073
(b) Amax = oo = 1.45 um
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(©) Amax = 22— = 0.500 um

4.

5800
The total power radiated per unit surface is found using Stefan’s law, assuming an

emissivity of 1:
?
a1= geT* = (5.67-1078)(1)(5800)* = 6.42 - 107 W/m?
(d) P =ogAeT* = (5.67 - 1078)(2.0 m?)(1)(35.0 + 273)* = 1.00 - 103 W/m?

(e) The peak wavelength is located in the infrared portion of the electromagnetic spectrum.
Most of the glowing is not visible with our eyes.

P = che(T{ — TS
= (5.67 - 1078)(0.100 - 0.100 m?)(0.970)[(400 + 273)* — (20 + 273)*]
=109 W
The most strongly absorbed wave number is found at approximately 675 cm™1. The

S.

corresponding wavelength is:

1. 67 500 m~!
1= m
A =148 ym



6. a) The kinetic energy of the released electrons is related to the energy of the illuminating

photon and the work function (¢) :
-15 8
K:@—qﬁ: (4.14x10 )(3><10 )

A 3.5x10”

—224=13leV

(Note that ¢ does not correspond to the phase constant!!)

b) When wavelengths are longer than the cutoff wavelength, the wavelengths will not have enough
energy to extract any electrons. So K = 0.
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hc:¢:>l:E:(4.l4><10 )(3x10%)

ne =5.54x10"m
A ) 2.24

7. a) Planck’s constant for this experiment can be found from the information given in the graph

K =hf ¢
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From graph: slope=——————=3.6x10"" Vs
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(Remember: Volts are Joules/Coulomb (J/C) or electron volts/elementary charge (eV/e))

h=(slope)(e) =3.6x107"° eV -5

b)  AtV,=0, if =¢

¢:(3.6x10'15 e\/-s)(l.osxlo15 Hz) (from graph)
=38eV
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8.a) B yyy=—7—=-085=>m=4 and E,,=—5—=-34=>n,=2
n; ‘ ny ‘
b) E}’?hoton = _AEatam = _(_3'4_ (_085)) =2.55eV
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c) Balmer
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9. In the Balmer series for hydrogen the final state nf=2

Ephuton = _AEatom
fromn=3ton=2:
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E oton = BT =1.89¢V
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phomn:Tz e =2.55¢eV
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fromn=5ton=2:
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A= =4.35x10"m
E 2.86
bY G _—-13.6 -13.6 _ h h thi hi .
) (1) AE,,,, = g =0.306e) aphoton with this energy can cause this transition
(i) photon energy: 136 _153;'6 =0.166eV
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(iii) aohe a /14%5:(4.14x10 )BX10%) _ 4 06106m
E 0.306
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for A ¢ = @110 DBX10D) _ 7 4810 m

0.166

10. a) a photon travels at speed of light! S0 Vphoton = ¢ = 3x10%m/s

h 6.63x107>*
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electron: p=mv= % =>v

34
=%:3x10723m/s

baseball with estimate mass of 0.2 kg: v= e 1
mA  02(1077)

b) the energy of the photon is inversely proportional to its wavelength

_he _ (4.14x107%)(3x10%)

- TR =1.2x10%eV

c) the kinetic energy of the electron:



:%mvz = %(9.1 1x107")(7.3x10%)* =2.43x107""J

electron

—-17
Ke[eutmn = % =150eV
1.6x107"J/eV

the kinetic energy of the baseball:

basoball = %mvz = %(0.2)(3 x107)2 =9x107J

9%x107™J

= —6x107%el
basehall 1 6x1071°T / eV
1. Ephnton = 7AEelectan = 7(El 7E2)
2 —34\2
Ephotan :(22 _12) h > |= 3(6633>1<10 ) 553 :2.90X10720J
8mIZ | 8(9.11x101)(2.5x107)
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b) we first have to define the work function and the probability function
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Pyoir = J.O W2 (x)dx (corresponds to the area of shaded region)
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- with n =3 (why? Explain!)
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¢) Classically, equal probability everywhere in box. 1/10 chance of being between 0 and 0.1L
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13. From the Heisenberg uncertainty principle for position and momentum

h
AxAp > —
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  ∆   T 2 < ∆   T 3 < ∆   T 1


    Q  ∆ t  


    Q  ∆ t = k A   ∆ T  L


    Q  ∆ t =  ( 0 . 61  W  m ∙ K ) ∙  ( 1 . 50 ∙  10 6    m 2 ) ∙    ( 30 . 0 − 4 . 00 ) °   ( 8 . 00   m ) = 2 . 97   MW


    Q  ∆ t =  ( 0 . 61  W  m ∙ K ) ∙  ( 1 . 50 ∙  10 6    m 2 ) ∙    ( 30 . 0 − 4 . 00 ) °   ( 8 . 00   m ) = 2 . 97   MW


    𝜆 visible ∈  [ 400 ; 700 ]   nm


    𝜆 max   =   2 . 898 ∙  10  − 3    T


    𝜆 max   =   2 . 898 ∙  10  − 3  ( 35 . 0 + 273 ) = 9 . 41   μ m


    𝜆 max   =   2 . 898 ∙  10  − 3 2000 = 1 . 45   μ m


    𝜆 max   =   2 . 898 ∙  10  − 3 2000 = 1 . 45   μ m


    𝜆 max   =   2 . 898 ∙  10  − 3 5800 = 0 . 500   μ m


    𝜆 max   =   2 . 898 ∙  10  − 3 5800 = 0 . 500   μ m


    𝒫  A = 𝜎 e   T 4 =  ( 5 . 67 ∙  10  − 8 )  ( 1 )    ( 5800 ) 4 = 6 . 42 ∙  10 7   W /  m 2


  𝒫   = 𝜎 A e   T 4 =  ( 5 . 67 ∙  10  − 8 )  ( 2 . 0    m 2 )  ( 1 )    ( 35 . 0 + 273 ) 4 = 1 . 00 ∙  10 3   W /  m 2


  𝒫   = 𝜎 A e  (   T 1 4 −   T 2 4 )


  


  


  c  m  − 1


   1  𝜆 = 67   500    m  − 1


  𝜆 = 14 . 8   μ m


  𝜆 = 14 . 8   μ m

