PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF STUDY

Module Code PHY2002
Name of Module Quantum Physics 1
Date of Examination January 2007

a. 1.6x107 m.
b. use constructive interference condition — phase difference must be 0, 2x, 4m,..
to give dist as 6x107 m.

2
e. You will need to think very carefully about what the amplitude and
wavelength correspond to in terms of probability and kinetic energy.
3
(iii) a. P2 =1/10
P37 =0
P-37 =2/10
P-n =6/10
P-2h =1/10
(iii) b. (L,)=-%

(i)  (second part) — show that normalization constant must be zero.

5 distance is 9.8x10™!! m.
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Module Code PHY2007
Name of module Relativity Il and Mechanics
Date of examination , June 2007

Parallel and perpendicular axes theorems: make sure you know which is which!
Moment of inertia of disc: integrate over thin circular ring
Moment of inertia of sphere: Moment of inertia of plate thickness dx is

dI = 7r*pdx

giving:

The system is:

For (a) use euqtion defining centre of mass and for (b) use parallel axes theorem to calculate
M.I’s of each sphere.



Equation of conservation of energy is:
1 1 1
—mu® =—mv*® +=I0*
2 2 2
and for momentum:
mua = lw —mva

results follow by algebra (remembering to use parallel axes theorem for I)

New position of imact is centre of percussion.

First parts are bookwork and should lead to Kepler’s second law

The required energy relation is:
r 1 ., GmM
+—mr" -
2mr® 2 r

leading to the definition of the pseudo potential, whose form should be sketched, together with a

E=

discussion of the shapes of orbits for different values of the total energy.
First part covered in lectures.
The coordinates are:

x=bsiné,

y =asinwt—bcosd

giving (if you remember how to differentiate with respect to time) the Lagrangian:

L= é—-m(bzéz +a’w* cos® wt + 2awb O cos wr sin 9)— mg(asin wt —bcos )

and the equation of motion:

G = aw* sinm.sina-fisina



First part is book work and expects recognition that scalar product of 4-vector is invariant.

For photon E = hv and p =h/A, and inserting these expressions into the Lorentz transformations
for momentum and energy gives:

’

v,:,_y(v,,’ - Y,l,{,,,,cosﬁfj —

c

Using this result with the momentum transform then gives:

cos@ —v/c
cosf = ———

v
1-—cosé’
C
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Module Number PHY2018
Year of Examination 2007
Question Number 6

Name of Setter F.Ogrin
Initials of Checker

2) X, ==5x, +2x,

X, =2x —2x,

b) Substituting x, (f) = x,e” and x, (¢) = x,e” we get:

eigenvalue equation in a matrix form:

. B 5
I:fl]:AX:[ > }[xl} > w*X =AX where 1 =w?

X, 2 =2|x,

1(| 2
c) Eigenvalues: Ay,0=-1, -6, eigenvectors: [2}{ 1}

e i Hi g
d)Y=A | +B e™ Y0)=A |+B = 2> A=l B=2
2 -1 2 -1 0

the later found from simultaneous equations for A and B.




Two identical masses M;=M,=1 are suspended on the springs with spring constants K;=3
and K,=2, as shown in the figure:

[ 1

X= ;
System in
equilibrium

System in

motion
Write down a set of coupled differential equations corresponding to the displacements x;
and x; of the masses from their equilibrium position. Assuming a periodic solution in the
form x,(¢) = x,e” (where k=1,2), rewrite these equations in the standard eigenvalue
form:

AX =AX
[5,3]

Find the eigenvalues and frequencies corresponding to the fundamental oscillations of
this system. Obtain the corresponding set of eigenvectors. [5.,6]

Find the general solution of the eigenvalue problem, knowing from the initial conditions
that x;(0)=5 and x,(0)=0. [6]



Module Number PHY2018
Year of Examination 2007
Question Number 4
Name of Setter F.Ogrin
Initials of Checker
6 2 -2 X, 4
a) AX=Y A= 2 5 0 X =y Y=12
B 50 7 "Zﬂl"‘ ; o
b) det(A)=162 det(A)# 0 => there exists a unique solution
A
¢) Inverse matrix: A= —(——’-’”—-)—-
det(A)
) 35 -14 10 1 0
A'M=—|-14 38 -4 AAT =|0 1
. 162
, 10 -4 26 0 0
1
d X=A"R=|2
3
e) det(A)
inv(A)
inv(A)*A

X=inv(A)*R




Q4

As shown on the figure, a biological cell membrane, forming a perfect sphere in a relaxed
condition, is stretched by optical tweezers so that a point P(x1,y1,z1) on the relaxed
membrane goes over into the point Q(X2,y2,z2) on the deformed membrane.

z

Assuming that the geometrical deformation of any point of the membrane can be
described by the following relation:

X, 6 2 -2|x
Y=y, |=AX = 2 5 0 |y |, wherex;=4, y,=12 and z,=9,
ZZ - 2 0 7 Zl

a) Write down a system of linear equations corresponding to this deformation [2]

b) Find the determinant of the matrix A of the system and comment on the possible
solutions [5]

c) Find the inverse matrix A™ of the system and verify that the following relation is
valid
ATA=]
where 1 is a unit matrix [9]

d) Find the coordinates of the point P, and consequently the radius of the relaxed
membrane, using in your solution the information about the inverse matrix A™.

[5]

e) Write down the commands which can be used in computational software
MATLARB to perform steps given at b), ¢) and d). [4]






