Final Examination for PHY S 6220/7220, Fall 2015

1. A particle of mass m approaches a center oeftmam a far away distance with initial
speed vy and impact parameter b. The center of force exarierce on the particle
corresponding to the potential V(r) = “k/where r is the distance of the particle from the
center of force, k is a positive constant of appedp dimensions and n is a positive
integer. Express all answers in terms of the knoamstants, m, k,osyb and n.

(i) Find an implicit equation to determine distardeclosest approach @ points)

(i) State all the cases for the value of n whealgit closed form solutions can be
obtained for c. Solve explicitly for c whenever pitde in these cases5 [foints)

(i) State any special conditions that should la¢issied by the known constants in
solving patrt (ii) for physical solutions to existrfc. € points)

2. A thin disk of radius R and mass M lying the XMne has a point mass m = (5M)/4
attached to its edge (as shown in Fig. 1). The nmbro€ inertia matrixlp of the disk

MR?4, |
alone about its center of mass has elements giydmp §j = (T”j(“ 5i,3) where

9, ;is the Kronecker delta function. The coordinateeysused to calculale is parallel
to the one shown in the Fig. 1.

Fig. 1

(a) Find the moment of inertia mattix, only of the disk, about
point A, in the coordinate system shown in Fig(2lpoint)

(b) Find the moment of inertia matrixa only of the point mass,
about point A, in the coordinate system shown m Ei (L point)
(c) Find the total moment of inertia matti, of the disk and
point mass, about point A in the coordinate syssbown in Fig. 1.
(1 point)

(d) Write the appropriate equation D = 0, whereshie determinant containing the
eigenvalue\ of Ita. (1 point)

(e) By a careful observation of the result in diifone value ok. (1 point)

(H) Then using the result from part (e) find thbettwo values. Keep irrational numbers
in their square root form. Do not convert any arrswe decimals. points)

(9) Find the unit vectors along the principal agéthis system about point A3 points)

3. A particle of mass m and charge e moves in enpial V(r) = [mQ?%r?]/2, where r is the
radius of the particle an@ is a constant of appropriate dimensions. Itnsufianeously
subjected to a constant electric fiéldpointing along the positive X axis and a constant
magnetic fieldB pointing along the Z direction. Their correspormielectromagnetic
potentials are = -Ex andA = (B/2)(-y, X, 0).

(a) Write the Lagrangian for this syster8 pints)

(b) Write the Euler Lagrange equations for all ¢jemeralized coordinatesi,an2 and q.

(3 points)



(c) One of the equations in part (b) will yield tequation for a well-known problem.
Identify this generalized coordinate and solveeggation to get its most general solution.
Let this generalized coordinate be Iabelgdbq convenience.l(point)

(d) For one of the other coordinates call§dfqr specificity, perform the transformation
9,50 -C where c is a constant that depends only omitren quantities, m, e, E, B
andQ. Specify the value of ¢ and show that in the weardinate, a. the new Euler-

Lagrange equation is simplified. Without this siffiphtion part (e) and (f) will not get

solved. ( point)
(e) For the generalized coordinatelsn @nd g, substitute an oscillatory solution of the

form q.,= Clexp(iwt) and q= Czexp(icot) in the equations obtained in parts (b) and (d).

Here, i =v/—1. The G (k = 1, 2), are arbitrary unknown constants astands for time.
The unknown parameteyis yet to be determinedl point)

(H From the two equations obtained after the stligin in part (e) state the condition
which will give the unknown parametesthat was introduced. Give a reason for the
choice of your condition. Solve fos using this condition.1(point)

(9) Clearly describe how you would proceed furtteeobtain the most general oscillatory
solution to this problem. You need not perform tteps but merely explain the
procedure. X point)



