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Useful constants: Planck constant h = 6.63x10>* m? kg/s, speed of light ¢ = 3.00x10® m/s, Stefan-Boltzmann const o=

5.67 x10°* W m 2 K™, electron mass = 9.11x107" kg, gy = 8.85x10"> A%-s*kg'-m™

Part L. Filling the blank (5 points per blank)

® The peak in the radiation from the sunlight occurs at wavelength Apecac = 500 nm. The radiation from the brightest star,

Sirius, has Apecak = 290 nm. Knowing the surface temperature of the sun is 5800 K, determine the surface temperature
of Sirius. [1] K.

Which statement(s) is (are) correct? _[2]  (A) In Compton effect, the scattered photon has wavelength longer than
that of the incident photon. (B) In photoelectric effect, the stopping potential does not depend on the type of cathode
material. (C) At the same temperature, the de Broglie wavelength of an electron is shorter than that of a proton. (D)
In an electromagnetic wave, the energy stored in its electric field is larger than that in its magnetic field. (E) The
special relativity sets an upper limit on the speed of a particle (< ¢). However, there is no upper limit on the kinetic
energy that a particle can have.

To estimate the temperature of the sun (treated as ideal black body), you = @

have measured the sunlight intensity on Earth to be 1.40 kW/m?. Although ' ;

you do not know the sun’s radius nor the sun-earth distance, you have 9 9r§g:;[l]0
measured the sun’s angle of field of view (fif4) to be 9.40x107 radian. t N —
Find the sun’s surface temperature. [3] K.

In the hydrogen spectrum, what is the ratio of wavelength in Lyman-a line (n = 2 to n =1) to the wavelength of

Lyman—« //lBaImer—a = li]_

Balmer-a line (n=3ton=2)? A

In Bohr model of hydrogen atom, the angular momentum of the ground state is quantized as L =% . We can then
derive the radius of the orbit to be I'=a,, where a — #zez= 5.29 x 10" m, is the Bohr radius. Determine the
speed of the electron in the ground state. [5] m/s.

On a typical summer day, the intensity of sunlight at the Earth’s surface is approximately I = 1000 W/m?. What is
the peak amplitude of the electric field associated with this electromagnetic wave? [6] V/m.

The electric field of a plane electromagnetic wave is described as:

E(x,t) = Eycos[(10m™Dx + (3 x 1095~ 1)¢t]k, where k is the unit vector along the z-axis. (a) (2 pts) In which
direction does the wave propagate? Indicate the direction with a unit vector (i, j, or k for X, y, and z-direction) and an
appropriate sign (+ or -). [7a] (b) (3 pts) Write an expression for the magnetic field of the wave in terms of the
quantities given and the speed of light c. Be sure to indicate the direction. [7b]

The average lifetime of muons at rest is t’=2.20 ps. You measure the decays of a beam of muons in flight in a lab,
and get an average lifetime t=6.60 ps. (a) What is the speed of the muons in the lab? [8] c. (b) The rest mass of the
muon is 100 MeV/c?. What is the Kinetic energy of the muons in the lab? [9] MeV

A friend of yours who is the same age as you travels to the star Alpha Centauri, which is 4 light-years away and

returns immediately. He claims that the entire trip took just 6 years. How fast did he travel? [10
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® In your inertial reference frame, event A happens before event B, and you measure the time difference to be Atag and
the two events separated by a distance Axags. Suppose another observer is moving along the same direction as Axag
with velocity v, how large is v if event A and B happen at the same time (At’4g=0) in the observer's reference frame?

(hint: use Lorentz transformation) [11]

® An infinite sheet of positive charge in the y-z plane is shaken up and down in the y direction. Which of the following

is a possible representation of the electromagnetic wave generated to the right of the sheet? [12] .

sheet of charge - sheet of charge
3

Part II Problems
1. (10 pts) 1 mW (107 watt) of light from a red laser pointer (wavelength = 650 nm) is shined on a 0.1 kg black plate
and is totally absorbed. (a) Find the number of photons emitted per second from the laser pointer. (b) If the plate is

on a frictionless surface, find the acceleration of the plate.
2. (15 pts) An artificial atom (A % i) is made by putting an electron in a cubic box. Its wave )
function (X,Y,Z) satisfying the boundary condition, /

x=L, y=L, z=L

w=0 at { X=% ¥y=512 , has the form of a 3-dimensional standing wave: o

w(X,Y,2)= Asin(nxﬂ] .sin(nyﬂyj.sin(nzﬂzj , where ny, Ny, N; are positive integers = 1, 2, 3....
L L L

2 2 2 2
(a) Use Schrodinger equation — h(&a ‘/2/ + gyl/z/ + (Z V;j =E -y(x,y,z) to find the allowed energies of the atom.
2m\ ox Z

(b) Find the normalization constant A.
(c) If L = 1.00 nm, what is the wavelength of the light emitted if it makes a transition from its first excited state to the
ground state? (The value of electron mass is on the first page.)

3. (15 pts) Magnetic force as a consequence of Special Relativity: In 1 ®——

class we briefly mentioned how the Lorentz force Fg = qv x B —~ )@ ONCONONONONONONONONOI
®®@@@®@®®®®,

arises from going from the “lab” frame to the rest frame of the /

moving charge. Now we’ll derive it step by step. (a) The right figure shows what it looks like in the lab frame.
Assume a positive external charge ¢ is moving at the same speed of the drift velocity v of the negative charge careers
in the wire. Let A denote the charge density (C/m) of the positive and negative charges of the wire (they are the same
in the lab frame because the wire is charge neutral in the lab.) We know that the charge q feels a magnetic force
Fe=quoAv?*/2nr. Now the figure below shows the view from the rest frame of the external charge . Since  is at rest,
it no longer feels a magnetic force. But the charge density of the 9@

positive charges in the wire is different from the lab frame due to ‘;é)@ ONONONCNCRONONONORO) @)

v
——

CRCRCRCRCECECRCRCRCRCKC)

Lorentz contraction. Let’s call it A,’. (a) Is A+’ larger or smaller than

A? (2 pts) Express A+’ in terms of A, v, and the speed of light c. (3 pts) (b) Let 4. be the density of the negative
charge in the wire in q’s rest frame. Is A" larger or smaller than A ? (2 pts). Express A in terms of A, v, and the speed
of light ¢. (3 pts) (c¢) This results in a net electrostatic force in the rest frame of q. Expand 4.’ and 4> using (1+x)" ~
I+nx for a small number x, and write down the electric force Fg that q feels in its rest frame (2 pts). What is the
condition that Fg = Fp in the lab frame? (3 pts) Hint: The electric field at distance r away from a line charge of

density A is E = A/(2neor).
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Part I Answer Sheet > Note: %

PRl o Ao 14 -

A [01] ] 10000 B [01]) |a

A [02] | AE E{EZEEBILE 7Y B [02] | c*(Atas/AxaB)

A [03] 5780 B [03] | AE &R{EZEEBEET 7>
A [04)|5/27 B [04] | 5780

A [05]] 2.19x10° B [05] |0.95

A [06] | 870 B [06] | 200

A [07a] -i B [07] | 10000

A [07b] .;(_T,,):%cos[(mm at(3x10°s )i B [08]) |5/27

A [08]]0.95 B [09] |2.19x10°

A [09) 200 B [10] |870

A 10|08 B [11a]) |-i

A [11]) | 2(Atas/AxaB) B [11b] B(_\',r):%cos[(lﬂm ‘)x+(3><1{)°s ‘Hj
A[12)|a B [12] |08

Part IT Answer Sheet > Note: %

X o e 1A

[A1=B2])

(a) power = energy/time = (dn/dt)hf, where (dn/dt) = number of photons per second
107= (dn/dt) x 6.63 x 1073%x(3.00x10%)/(650x10)  find (dn/dt) = 3.27 x 10'> photons/sec
(b) F= (dn/dt)*(h/A)=ma, find a = 3.34 x 10"'! m/s?

[A2=B3]

(a) put the solution into the S.E., one finds:

n?h? 2 2 2
— () +n?) =

L L
(b) [fJ,¥? dxdydz=1,s0 A x - X

8mL2

hZ

Lxi=1, find A= 332
2 2 L

(n,* + ny? + n,?). n’s are positive integers.

(c) ground state: (nx, ny, nz) = (1,1,1), first excited state = (1,1,2), (1,2,1) or (2,1,1).

3h?
8mlL2

Energy difference = AE =

[A3=B1]
(@A’ >N, A=A * 1/sqrt(1-v?/c?)
(b)A—"<Xr, A== *sqrt(1-v¥/c?)
(c)E = A /(2m* go*r) * v?/c?
Fe = Fp implies that go*po= 1/¢?

- % Find A = 1100 nm

(“Lorentz un-contracted”)
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