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) MID-SEMESTER TEST - August 2016
-
o PH 9115: QUANTUM MECHANICS-II

) Time:1hr. 30 min. Maximum Marks: 35

This question paper has 3 printed pages and 2 parts.
Y _
PARTA MAX. MARKS 2x10=20
{5 Answer any TWO full questions.
) L
. a) Starting with the polar part of the Schrodinger equation (actually the sourceless Laplace
' equation — with applications therefore, in other fields as well):
51n8-q— smﬂ ) [1 (I+1)sin®0— m2]® 0

and making the varlable change x=cosf obtain the Associated Legendre Equation
() di,_ »ndO — M

w 5 (1—-x*) == ol I(1+1)- 1—x2 @=0 (8 Marks)

b . 2
O b) For the azimuthal part of the Schrodinger equation, we have d q; +m*®=0 . Whatis the
. solution to this differential equations. Provide a unified solution that accepts positive and
€ negative valuesof m . (2 Marks)
2 _ ,
(£ a) Usmg the classical relation: L=Fxp obtain the quanturn mechanical operators L, ,
. L, and L in cartesian coordinates. (2 Marks)
() b) The quantum mechanical operator for the square of the angular momentum is defined as
¢ L =] +L +L and that the angular momentum ladder operators are defined as
Lt—in lLy . The eigenvalue equations satisfied by L’ and LAZ' for an eigenstate

(. |nim) are given as: L |nIm)=#*1(I+1)|nim) and L,|nlmy=hm|nim) . With
respect to this eigenstate, show that *
(— o {Ly=( L)=0 (4 Marks)
,. HI{1+1)~h'm* _
L - (LD=(L)= ( 2) : (4 Marks)
(.
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3. L
a) Consider a two particle system described by a wavefunction: p(ryr,,t)  satisfying the
time  dependent  Schrodinger  equation: i h%zH py=Ey . Where
’ 2 2
H :—h—Vf-—LV§+ V(r,,r,,t) is the Hamiltonian describing the two particle
2m, 2m,
-dg,
system. If the potential is time-independent, show that y(r, r,,t)=w(ryrp)e * .
(4 Marks)
b) For the stationary wave function for a two particle system: w(rl_ r,) define the exchange
operator p\exw(rvrz):w(rzfn) .
* Obtain the eigenvalues of the operator P, (2 Marks)
+ Show that the eigenfunctions of this operator represent two distinct kind of particles.
: {4 Marks)
PART B | MAX. MARKS 3x5=15

Answer any THREE full questions.

[Constants: h=6.6x10%* J s (Planck’s constant), leV = 1.6x10™ J (electron volt to Joules),
¢=2.99x10° m/s (speed of light),1A = 1x10"°m (Angstrom to meters), e = 1.6x10"° C (electronic
charge), Mprwe:=1.673x10kg (mass of proton), Meewor=9.109x10kg (mass of electron)]

4. Consider two non-interacting fermions in a 1-D Simple Harmonic Potential (ignore the spin’
effects for the moment). Write down the ground state energy wavefunction for the system and
the corresponding energy eigenvalue . The expression for the wavefunction of a simple

1/4 2
%) ';n!Hn(E)e'E’2 where H,{(E) arethe

harmonic oscillator is given as 'Lpn(x)=(

Hermite polynomialsand &= —m-g@"x . The first five Hermite Polynomials are: H,=1 .,
H,=28 , H,=48-2 , H,=88-12E , H,=16&'-48E*+12 (5 Marks)

5. An electron is in the spin state X=A(1_2i)

2
a) Determine the constant A by normalising (1 Mark)
b) If you measured S, on this electron, what values could you get and what is the
probability of each? What is the expectation value of .§z ? (2 Marks)
c) If you measured §x on this electron, what values could you get and what is the
probability of each? What is the expectation value of §x ? (2 Marks)
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6. Consider a particle on a 1-D ring (no forces act on the particle; the potential is zero ). The
particle is constrained to move on the ring so only the polar angle varies (you can assume the
ring to be in the X-Y plane). The Laplacian in cylindrical polar coordinates is given by:

oo, 2
{ sz%éi p%-lk)+%é—%+é¥ . Solve the time-independent Schrodinger Equation
PV 0P/ p*a¢” 8z .

subject to the boundary condition that (q)=yp(p+2x) . Discuss the similarity to the

azimuthal component of Schrodinger Equation in 3 dimensional spherical polar coordinates.
{5 Marks)

The ladder operators are: J, :fx-i-i i , and when operated by the ladder operators, a general
ket |jm) wansformsas J.|jm)=hvj(j+1)—m(m+1)[jm=1) (5 Marks)
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7. For an angular momentum state of  j 2'2" work out the matrix representing the Jf x Operator.
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