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Hints and Tips -

| Ql.

(a) —if this is not obvious check an optics book such as the on by J. Hecht.

(b) — polarizer alters probability of transmission, but not the energy of those
transmitted.

(¢) & (d) - the key here is to take into account the fact that in passing through a
polarizer the polarization state of the photons may be altered.

For the Young’s double slit experiment one needs to use the fact that for photons to
interfere they need to be indistinguishable.

Q2.

Form of wave-function — standard result as discussed in class, oscillates before the
barrier, falls off exponentially inside the barrier.

-

For a thin barrier tunnelling possible

For the reflectivity we need to calculate the k values inside and outside the barrier.

These are, k = \|2mE/h? where E is the excess energy the particle has above the
potential in that region.

Q3.
Useful to include time-independent version of the Schrodinger equation.

To work out the allowed energies apply the boundary conditions to the Schrédinger
equation inside the well (where the potential is ZEr0).

Concerning the inter-atomic potential —~ consider what this potential looks like near
the potential minimum.



Q4.

To normalize the wave-function you need to make use of the normalization condition,
1.e. that [‘P[2 when integrated over the entire region of space for which it is non-zero,
should give the value 1.

To-calculate the expectation value recall that the operator for position (x) is simply x.

Q5.

When measurements are performed on superposition states the outcome of any given
measurement is one of the associated eigenvalues.

You will need to use the form of the expectation value expression discussed in class
that is appropriate for superposition states.
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Solution Hints: PHY 2007, June 2009.
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Q1. a) Application of energy conservation, with the no slip condition gives: d = 4;:;11 5
b) Using v* —u?® =2asgivesa = —-%gsz’n@. Torque = £,R = I, thus f; = ;lg sinf

c)

Q2. Bullet deflection is to right in Northern Hemisphere.

Required expression is: gees = gg — @ X (_cg X g).
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Q3. F = %m’ﬁz 4+ &
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Q5. Squaring 4-vector gives E2 = p%c® + EZ

Frequency relation:
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PHY2013

We apologise, there is no Hints and Tips sheet for this module.

The level of detail expected in each answer is that given in the lectures. The
answer is expected to provide a focussed and logical response to the question

asked, rather than a random selection of more-or-less relevant facts regurgitated
from the notes. For more guidance contact the lecturer.



Hints and Tips 2018, Q1-3

d’y | dy 2
aﬁ+a~£+y—2x — 4z,

Complementary equation is p?+p+1=0, p=(-14++/=3)/2 = (—1=£i./3)/2.
[5]

The particular solution is az?+bz+c where 2a-+2az+b+az? +bzx+c = 252 —4x.
Hence a =2,b= —-8,c=4. [5]

General solution is
y = 22 — 8z + 4 + exp(—=z/2){ A cos(+/3z/2) + Bsin(y/3z/2))
In case y(0) =0, ¥'(0) =1, then 5]

y(0)=4+A=0
y'(0)=~8— A/2+/3B/2 =4

A= -4, B=20/\/3

dL
L, _ dL, dL,
dt - LyBg LE/T) ‘Et_ La:Bg - Ly/Ta Tt“ - —'LZ/T
PLg &Ly
@ = 9P G =Bl

Solution SHM with w = gB. L recesses about B with angular velocity w. [5]
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2. Laplace’s equation in polar coordinates can be solved by separation of variables where
u = R(r)©(0).

1 a(azz) 1 80 _

rRor\"or ) T e e

ro(orR\__18%® _ ,
Ror\'or) ™ "@02 =™

O(0) = e*™ m integer

8 ( BR> NPT

T*B—T 7"—67
ml . B
R = Ar +W for|m|>0
R=Clnr+d for |m|=0
[5, 5, 5]
Hence R satisfies:
0 (ra—R-> —m?R=0

h 4 ,
R = a,r™ + -ﬁ%l for |m| >0

R=qay+bylnr, m=0

General solution is

u=ag+bylnr+

Z ™ (g r™ 4 bmr"’m‘)

m>—c0,7#0

"The surface of a sphere of infinite cylinder of radius a is charged to a potential V; cos 4.

Find the potential both inside and outside the cylinder

V=ag+blnr+

Z eime(am’l”]ml + bmr"‘m‘)

m>—00,#0
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Inside sphere (5]
V= Vbz cosf
a
Outside sphere [5]

V= VOECOSG’
T

. Take point O to have latitude A and choose axes fixed in Earth frame to be T
with

N = —Xcos)-+ Zsin \

Hence for motion in z — y plane, force is

d?r . dr d?r )
Mz + 2mwit x =Mt 2mw(—cos A, 0,sin A) X (g, vy,0)
d’r :
=M + 2mw(—vy sin A, v, cos A, 0)

v

Hence for uniform motion of wind,
2mw(~vy sin A, vz cos A, 0) = (Fy, F,, 0)

and Fpv, + Fyv, = 0 and hence F is perpendicular to v. Thus v is tangential to

isobars. [5]
If wind blows from East, v, = 0, vy < 0 and F; = —2mwu,sin \ = —%gﬁ. Thus
gs < 0 and pressure increases to North. [5]
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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY2018
Name of module Mathematics for Physical Applications
Date of examination June 2009
Q4.
1 01 X, 4
a) AX=Y A=[1 1 1] 2(__=(X2J Z=[6J [4]
01 2 X, 8
b) det(A)=2 det(A)# 0 => there exists a unique solution [5]
¢) Inverse matrix: Al=s S—f—li'&—T—— matrix of cofactors  [7]
det(4)
1/2 1/2 -1/2 1 00
A":{—-l 1 0 ] AA"=[O 1 O]
1/2 -1/2 1/2 0 01
1
d) X=4"R= {2] [4]
3
e) det(A) [5]
inv(A)
inv(A)*A

X=inv(A)*R



Q.5.

X 4 4 -2

AX=AX X=|x,| A=|1 6 -1| A=2 [5]
X, 0 4 2

Three dimensional case: maximum number of pairs: 3. [2]

Det (A-IA)=0 -> characteristic equation (2-A)(4-A)(6-A)=0 => A;23=2,4,6. [5]
Eigenvectors:

2x; +4x, ~2x; =0
AM=2:9 X%, +4x, —x;, =0 let x;=1 then x,=0, x3=1
4x, =0

4x, —2x, =0

A=4:9x +2x, —x; =0  let xp=1 then x,=0, x3=2 [7]
4x, —2x, =0
2x, —2x; =0

' A1=6: X =%, =0 let x;=1 then x5=1, x,=1

X, +2x, —=3x, =0

1 01
Eigenvector matrix: B= (0 1 1
1 21
1
Not orthogonal: e.g. (0,1,1)*| 1|0 2]
1
A4 0 0
Diagonal formof A: | 0 A, 0 |=B"'4B [1,1]
0 0 A4

In MATLAB to find eigenvalues and eigenvectors of A:
[B,L]=eigs(A)
where B matrix of unit eigenvectors and L. diagonal matrix of eigenvalues

[3]




Q.6.

9, =—0.02y, +0.02y,

. [4]
9, =0.02y, —0.02y,

b) Substituting y, (£) = x,e* and y, () = x,e* we get:

eigenvalue equation in a matrix form:
y -0.02 0.02
Mo ax = S AXx=AX where X=|T'|  [4]
yz 0.02 - 0-02 X 2 x2

111
c) Eigenvalues: A;,,=0,—-0.04 , eigenvectors: L ,[ J [3,4]

d) Y=AH+B[ ! }e*"-‘“’ Y(O)=A{l]+B|: ! =—_[ 0 ] > A=75 B=75 [6]
1| 7|1 1" [-1] [150

When T1 contains half of fertiliser in T2 (or third of the whole initial content 150 kg):

y1=75-75¢%0%%=50 =275 min. [4]



PHY2019 Observing the Universe: Hints and Tips for June 2009 Examination

1. (i) Basic definitions and knowledge.
(ii) (a) [ 1.66 x 10" photo-electrons s~ ] Hint: calculate total energy incident on telescope per
second (flux x collecting area). How many photons per second is this? (Assume all photons
have A = 2.2 ym.) Remember to account for the 20% efficiency factor when converting this to
photo-electrons per second.
(b) [ 26.3 photo-electrons s~ | Hint: recall that a magnitude difference corresponds to a flux
ratio.
(c) [ 3.8 s | Hint: the uncertainty (noise) comes entirely from v N fluctuations in the photo-
electron count.
(Final part) [ 2.4 x 10* s ] Hint: note that the background generates many more photo-electrons
that the source of interest, and therefore that the uncertainty (noise) comes from /N fluctua-
tions in the background photo-electron count.

2. (i) Elementary manipulation of equation provided. Tip: use convenient units.
[ Mass of Galaxy = 9.3 x 1010 Mg, ]
(ii) Hint: balance the flux radiated by the Earth with the flux received by the Earth from the
Sun; [ Kuiper Belt object: T = 40 K, peak flux at A = 72.5 pm. | Hint: note that Kuiper Belt
objects will be essentially undetectable through their emission at optical wavelengths!

3. (1) General skills and knowledge in derivation; [ Can sustain 1 Lg for ~ 1.9 x 107 years. |
(i) Basic knowledge.

4. Basic knowledge and elementary analysis. General tip: rotation gpeed at R is dependent only
on mass interior to R (this is a pretty good approximation).

5. (i) Application of basic equations. (a) [ Ao = 653.93 nm | ; (b) [z = 1.88]; (c) [ D = 750 Mpc ]
(ii) Basic knowledge.






