Physi s 200-04
Assignment 5
1)Old Quantum Me hani s: The Bohr Sommerfeld Quantum rules stated
that if the lassi al orbit was losed (returned on itself) then the quantum
rule was that
Z

pqdt
_ = nh

(1)

where the on guration variable (eg the positions) is q, and p is the momentum. Assuming that the momentum is p = mv = mq_,(ie the dot denotes
derivative with respe t to time) and we are looking at a harmoni os illator
mq =

kq

(2)

and the energy is
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mq_ + kq 2
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(3)

What is the general solution to the equations of motion? Express the energy
and the quantum integral in terms of the parameters of the general solution.
Show that the quantum ondition lead to the result
Eharm os = nh

(4)

where  is the frequen y of the os illator 21 sqrt mk .
(The true quantum answer is E = (n + 21 )h )
(
2a)Consider the earth in ir ular orbit around the sun. What would the
be the di eren e in radius for two adja ent energy levels of the earth? (Remember that the quantization ondition for the earth is that the momentum
of the earth times its velo ity integrated over time around one orbit is equal
to an integer times h. In this ase this integer is alled the prin iple quantum number. I want the di eren e in radii orresponding to adja ent integers
where one of the integers orresponds to the urrent orbit of the earth.) What
is the energy di eren e between these two orbits as a fra tion of the earth's
orbital energy?
1

Hint: You need to use the various pie es of information about Newtonian
orbits{ Kepler's laws, Newton's laws for orbits, et .
b)Bohr Corresponden e: Show that the frequen y of the emitted photon
or graviton from the earth in ir ular orbit around the sun from the de ay between two adja ent prin iple quantum numbers for the earth approximately
equals the orbital frequen y of the earth.
Ie, show from the rst part that the energy is proportional to nK2 where K
is a onstant expressed in terms of the masses of the earth and sun, and the
Newtonian Gravitational onstant. Then show that the derivative of E with
n En 1  dEn ) divided by h is just the orbital
respe t to n (En En 1 = E(
n=1)
dn
frequen y for the urrent radius of the earth's orbit.
Bohr's orresponden e prin iple basi ally says that at large quantum
numbers the quantum system should behave like a lassi al system. Sin e for
a lassi al system one would expe t the frequen y of the emitted radiation
to equal the orbital frequen y, the quantum frequen y of transition between
adja ent levels should approximately be the lassi al frequen y.
3. Cal ulate the following omplex operations: i) (3 4i)((1 5i) (2+ i))
ii) (10 5i)(2 + 2i)=(3 + 4i)
iii)Find the roots of the following equation, using omplex numbers if
ne essary
x2 + 3x + 5 = 0

(5)

iv) Expand the expression (x +2i)(x +1+ i)=(x + i) into a single expression
a + bi where both a and b are real numbers. Assume x is a real number.
4. Multiply the matri es
i)
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(6)

ii) Find the transpose, the Hermetian transpose, and the inverse of the
matrix


1+i 1+i
1 i 1+i
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(7)

