THE FINAL EXAMIATION OF PHYSICS 342, 16/11/1423

TIME: TWO HOURS

Q1

a- In the photoelectric experiment, the kinetic energy of the electron is 2.2eV for
radiation of 200 r#2 and

1.0eV for radiation of 248 e . Use these data to calculate the cutoff wavelength and
the Planck’s constant

b- A black cavity is placed in an oven of a temperature of 1650k. What is the value of
the maximum

wavelength and what rate does energy escape from the cavity through a hole in its
surface of a diameter of

1.0mm?

Q2

a-  Two traveling waves with A, =l /sand A, =10/ %mx/s, v, =3m/ s and
v, =2.5m/ s . What are the group velocity, v4, and the phase velocity, v, , of their

superposition (hint: v = %)?

ci’vp
b- Show that Vg =v, -i-=
A

Q3

Use the Schrodinger equation for the harmonic oscillator with the wave function
T = gxe™ to find the

parameter a and the energy, E, of the harmonic oscillator.




Q4

a- Given the wave function 'Fix)= Azmn % , 0 =x = L. Obtain the value of the

constant A, what we call it ?

L
b- What is the probability of finding the particle in the region 0 = x = Z :
. . ZkR*
c- In the Thomson model, derive the deflection angle and show that & ,, = — Z
FHV

is the & — particle charge

Ze®

and k=——.
4z R

Q5

a-  The angular momentum of the electron in the hydrogen atom is given by 2.15
%107™* 7 5. Find its velocity and the orbital radius.

b-  What angles does £, vector make with the Z-axis when 7=2. Compare the angular
momentum in this case with that of Bohr.
c- Define and derive the Zeeman effect.

d- Compute the change in the wavelength of the 3z — 25 photon when a hydrogen
atom is placed in a magnetic field of 4T.

h=6625x107" T5e=1.602x10C m=91x10"1kg
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Q1

1
Use the Hellmann-Feynman theorem to obtain {—2} for the hydrogen atom. Where the
r
Hamiltonian is

-

g2 2d i+ 1 1
== 42 4 —— and E=——— n=k+71+1
H (.;frg F Cf.?":l 2r r 2n? §

b-  Which of the following potentials can be considers as solutions of the Thomas-Fermi
equation and why?

Sl —em+ H5 0+ S(x)=axe™,  D(x)=(ae™ +he ™)

Q2

Calculate the energies of the harmonic oscillator to the second order, who’s Hamiltonian is
H=H, tae i

The wave functions are ‘¥, = Az e’ JPl= Bre -

Q3
1
Given the matrix —:i 0
1
a- Obtain its cofactor and its inverse.

b-  What are the eigenvalue and eigenvector?

Q4

Given the scattering amplitude in the form

F @)= %i (20 +1)e™ sin 5,F,(cos @)

Iml]

4
What is the total scattering cross section? Show that & = %Im[ F07]



-V, .ra
0

¥

b-For a finite square well the potential is V(r) = . Solve the Schrodinger

2

equation inside and outside the well to obtain the total cross section ( { = 0}.

Q5-

Use the Born approximation to find the differential cross section and the total cross
section when a projectile

o
is scattered by a potential of the form V (r) = — % (F+rll=r=r.
Fa

Q6-
A system is under a potential of the form V (x) = jf|x|m L0,

Use the WKB method to obtain the energy of the system.

Q7- Write names of four books you have used during this course.

Hint: 1- [~ dr=—

[y —

|

)

1
[#7a-n*"ae=
! Ty +w)

THE FINAL EXAMIATION OF PHYSICS 353, 7/4/1424H

TIME: TWO HOURS

Q1



Show that Tf(y)ﬁ{y]dy = 7 ({0 and T Ayl =1 and Flay) = @, aisa
o i

-

constant
Q2
Use any learned method to obtain an explicit form of ¥, (#, &, @l = &4, (r]l}’}l (&, @)

What is the energy of an electron in this state? What is its angular momentum?

Q3

The energy eigenvalues of a simple harmonic oscillator is given by

B, =hay(n+ %},n =123
1
Show that &« 2—5

1
The potential of a simple harmonic oscillator is {x) = Eﬁ'cx2 . Show that

<V = BB 1y
2 2

Show that a+|m> = +Ju+ 1|3z +1>

Q4

iy, O d
Use the raising operator L' = ke'¥ {% +icotﬂa—¢} to obtain the spherical harmonics
78.4).

Q5

- "

Ifcf-:ﬂ:- i HoA

=—<¥
it B

velocity of a particle.

g Cxm
i

¥ =, Show that = v, where v is the average

Q6

Show that for a wave function of the form F(x.£) = Ae"* the current density takes
the form



J:EMFE

2] dx

Q7

For the step potential with I = 2&, find the transmission and the reflection coefficients
of a traveling

wave of energy E. Show that T+R=1

Q8

For the hydrogen atom, take the Hamiltonian of the form
Z 2
— e’ +, V= — i, and
F

H = I:pﬂcﬂ +P?22C'4:|1H2

Obtain its total energy.



