PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY2002
Name of module Quantum Physics 1
Date of examination January 2008

Radioactive decay, scanning microscopes..
Check general properties of barriers and probabilities distributions in course text.

2m|E -V,

Approx expression is P, =~ Gexp(—ZquL) with G = 16—5—(1———5—) and |q|= —
0

0

provided |g|L <<1. Should find Pians ~ 3 x 10-"°,
For operators that commute order of measurement of associated properties does not matter.

Use standard formula for zero point energy, E = -15710)0 .

Probabilities are P(1) = 3/7, P(2) = 1/7, P(3) = 0, P(4) =1/7, P(5) = 2/7

Expectation value is -1—7-2—72
Energy approx 10 J, wavelength approx 10 um, Q ~ 20.

Should find P, = %sin (-’%‘-)

Probabilities are 0.82 and 0.5, found by appropriate integration.
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1. PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code

PHY2007

Name of module

Relativity Il and Mechanics

Date of examination

June 2008

First parts bookwork.

Torque = 11.10° Nm. (substitution — make sure units are correct including angular speed in rad

s

Equate work (power x time) to kinetic energy =>t = 2205 s.

First parts book work. Use'par"allel axes theorem to show I about C(')mer. is 7pa*/12.

Kinetic energy = 7pa*®'%/12. Potential energy =~ pga36/2\/ 2. Set time derivative of total energy to

zero to recover eqn for SHM.

First parts bookwork. For projectile L = Vomx'? + Yamy'2 —mgy =>x"" =0,y " =-g. Integration

and substitution =>y = —l/zg(x/C)2 + Ax/Cwhere A and C are constants of integration.

Trajectories:
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First parts bookwork. Energy = 305 Mev, angle = cos™ 0.95.

For final part, conservation of energy and momentum => Ep2 = pp2 c?cos®0, where E, and p, are
the total energy and momentum of the particle, but we also require Ep2 > ppzcz, which is
impossible.




PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY2009
Name of module Physics of Crystals
Date of examination January 2008
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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY2009

Name of module Physics of Crystals

Date of examination January 2008
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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

PHY2009
Physics of Crystals
January 2008

Module Code
Name of module
Date of examination
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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

PHY2009

Module Code
Physics of Crystals

Name of module

January 2008
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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

PHY2008
Physics of Crystals
January 2008

Module Code
Name-of module
Date of examination
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~ PHY2013
ANATOMY AND PHYSIOLOGY

FOR DISCUSSION WITH PERSONAL
TUTORS, THEREFORE NO HINTS &
TIPS ARE PROVIDED.

THE MODULE LEADER WILL
PROVIDE REVISION PROBLEMS
AND TUTORIAL AT THE END OF

THE COURSE.



Hints and Tips for PHY2018, Mathematics with Physical Applications

1. (i) Complementary solution is y = a+bexp(2z)+cexp(—2z). Try particular solution

dexp(—z) from which d = 2. Solution is y = a+ bexp(2z) + cexp(—2z) + 2 exp(—z).
To satisfy boundary conditions, requireb = 1/4,¢ = —3/2 and a = —3/2.

(ii) For m =1, n=ngexp(—kt) and for m = 2, n = g = 3%~

Plot In(n) versus ¢ in first case and 1/n versus ¢

10 (,0R) _

Try the solution R = ar™. Then m(m+1) = [(I+1) and hence m =l orm = —{—1.
Thus general solution is

B
_ !
R = Ar +;:ljﬁ

Wronskian is the determinant of the matrix

ol i1
<lrl‘“1 (—1— 1)r'l“2>

— 241 As Wronskian is not zero, functions are independent.

2

I

or —(I+1)%—%

r2
As potential is finite at origin and as cos?§ = 2/3P, 4+ 1/3 P, solution of Laplace’s
equation which is Vj cos? § on surface r = a is

-2——;@]32(008 0)(r/a)® + Y;Po(cos )

for r < a and
%@Pg(cos 0)(a/r)® + YéqPo(cos ),

forr > 0.

. Heat equation

_Ou

HVZ’U, = "é‘t"

Set w = 100 — 100z /1 4 v(z, t) and note that as u(z,0) is 100z /I, then for 0 < z </,
v(z,0) = —100 + 2002/l = —200( — z)/l 4 100, while v(0,¢) = v({,t) = 0..

1 PHY2018



Qustion 4

-1 -1 1 X, 0
a) AX=Y A={-1 2 -1| X=|X, Y={0]| [2]
(1 o-13) |\« 8
b) det(A)=-8 det(A) = 0 => there exists a unique solution [4]
¢) Inverse matrix: A= % matrix of cofactors  [5]
det(A)
5 2 -1 1 00
=2 -4 2| L A47={0 1 0
1 -2 -3)78 00 1

e) a= arccos({ n I) 0.64 rad [5]

f) det(A) (4]
inv(A)
inv(A)*A
=inv(A)*R
Alpha=acos(Y*X/(sqrt(X(1)"2+X(2)"2+X(3)"2)* sqrt(Y(1)"2+Y(2)"2+Y(3)"2)))

Question 5.

Det (A-IL)=0 -> characteristic equation (8-A)(2-A)=0 > A;>=2,8. [4]

Figenvectors:
3x, +3x, =0

A=2: R let x;=1 then x,=-1
3%, —3x, =0

=3x,+3x,=0
7L2=8:{ % xz_o let x,=1 then x;=1

1 1
Eigenvector matrix: B=( i J principle directions [5]



1
Orthogonal to each other: e.g. (1,1)*( J =0 [2]

Ellipsoid. With ratio of axes: 8/2 [2,4]
4 0 0

Diagonal formof A: | 04, 0 |=B"4B [2,2]
0 0 A

In MATLAB to find eigenvalues and eigenvectors of A:

[B,L]=eig(A) [2]
where B matrix of unit eigenvectors and L diagonal matrix of eigenvalues

Question 6.

a) Given the boundary conditions basis functions should be of the form &, = 2—7Lm—- [5]

b) Normalisation: [ f, (x)f, (x)dx =1
L
A? j dx= AL =1
0 .
> Ad-— 5]

Orthogonality (% m): [, (x)/,, (x)dx = 0

2 [Fexplitk,, ~ k,)0)dx = 0
T

M dx*
the differential equation can be rewritten in the following form:

c) Given: f(x)= _a’f_ffi , Y(x)= ch f,(x) [2]
n=1

H, H, . .\¢ G
H, H, ..
2 Mz g% > Eigenvalue problem [3]
Hnm Cs i

d)Where matrix elements are found as

et LA
Hun= [ £ @y fu (s = 25, (5



The matrix is diagonal so the system is in the canonical form. The wavefunctions will be
simply the basis set components: i.e.

1 .
,(x) = —=exp(ik,x)

NI

T I o B 1)
W, (x) = ——=-exp(ik,x)

JL



OBSERVING THE UNIVERSE

NO HINTS & TIPS ARE PROVIDED.

FOR HELP, PLEASE CONTACT THE
' MODULE LEAD.



| PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY2020
Name of module Lasers and Materials for Quantum Applications
Date of examination June 2008

3. Avidv=5

4. Ns/Ny =2.79 x 1074



_See course notes. AS, ., =—

PHYSICS EXAMINATION PROBLEMS

SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code

PHY2201

Name of module

Statistical Physics

Date of examination

Jan 2008

2,0

total - =

ii)
iii)
2. i)
ii)
3. )
ii)
iii)
4. i)
ii)
iii)
5. i)

= if 0, =0=> AS <0, contrary to the 2nd Law, unless I’ =0,

1 2

T,-T,

P. =0, ~ 0.3 MW.
2
Use dS, = meydT for water and AS, = —m c, —— for the reservoir, where 7 =
f
T !
AS,, =me,|In| =L + L s122 0k
1)1,

See course notes. Equilibrium: (Vx> = (vy> = (vz) = ( => no bulk motion..

See course notes.

3 3k,T 1
<8>=f£‘p(€)d8=—2—ﬁ-= > :>,B==kBT.

Conduction electrons — ‘quantum gas’, rules governing occupancy dominate behaviour.

See course notes.

T=—2%__35x10°K.
kyIn10
~1N
ke = @—ik—ll = 35. Equally shared energy: p =
nlk!

systems: p = 565 =~ 0.17.

See course notes.

See course notes.

515— ~ 0.029; § =0. Energy shared between two

- &; . . .
Use Z = Zexp - T and the geometrical series summation rule.

i=0 B

S =kyInQ; seecoursenotes. Q ;. , =Q,Qp =>8,,, =k InQ, +k;InQ,; =5, +§;

a)S=0: )S=k,InN=32x107JK";

N!
C) S=kB thN/z =kB IHW

See course notes.

Classical limit: exp| — >> 1. Therefore, — o¢ €Xp| —— |
kT kT

B i

~Nk;In2~7.63x107 JK™.

B




PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Moduie Code PHY2208

Name of module ' Optics

Date of examination June 2008

1, (i) _—+4—= —, but the image distance is infinite s0 —+—=——and s=0.1 m.
s s R § oo
LA dD LA
2. D=d+06L=d+ 7 Differentiate to give 7l =1- ’a and set to zero for min so d =+ AL
3. Z, =25cm
1.224

0= - =305 x 10~ radians giving distance of 10° Mpc.

4., Quarter wave plate so (n, —n,)d = % and d =1.25%10"m

5. 2nd = mA som = 2500. For FP R=mF, so 10® =2500F and F = 40000



