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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY3102 and PHY3305
Name of module Solid State Physics |
Date of examination o January 2009
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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY3128
Name of module ELECTRONICS FOR MEASUREMENT SYSTEMS
Date of examination JUNE 2009

Vour _ ~2w*C2R?

Vi 1+ joCiRy - 0*CIR}
This is a high pass filter that cuts off at 40dB/decade below f =1/22C\R; ~ 3kHz and has a

gain of ca 6dB above this frequency.

There is a frequency-independent noise floor of 10nV /vHz due to thermal noise. 1/f noise —
originating from, e.g., defects in semiconductors — dominates below ~10 Hz. The peaks at 50

Hz and 100 Hz are interference originating from the electricity mains supply.
Af = Aw/2mw =1/277 =16 mHz
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Operate at minimum noise, within mechanical constraints, i.e. 40 Hz when noise is ca 62 nJ/T.
The sensitivity is 62nJ T /{16 mHz = 490 nJ T™' Hz™?

Z =+/(L/C) =+/(250 nH/100 pF) =50 Q

9%V R 5 1
=|— |~ LC| ——=1=V{x,t}- LCv*V{x,t) s0 =0 when v=
/ (&xz) (aﬂ) (1) (1) ! VLC
ie. v= 1 =200%10% ms™!
1/(250 nH x 100 pF)
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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY3135
Name of module Nuclear and High Energy Physics
Date of examination June 2009

BE for Po isotope is 1684.60 MeV, 3.06 MeV is released in decay and available as KE for alpha
particle. Increase in BE in beta-decay is 0.26 MeV. Additional energy from converting neturon
to proton is 1.27 MeV. Max KE of electron (when neturino gets nil) is 0.26 MeV + 1.27 MeV —
511 keV =1.02 MeV. _
Number of Ra atoms in 8.5g sample is 8.5 g/ 226gmol”1 x N5. Number of Rn atoms in 1
microlitre daily sample is 10 %litre / 22 Alitremol ™! x N A - Hence

8.5 g/226gmol‘1 x Ny

T=——r ; = 8.42 x10° days = 2307 years
10~%litre/22 4litremol ™ x N

21 kilotonnes = 3.3x10? J, Total number of 210 MeV fission events is 10**,

k=3 = N, =Ngexp(2n)

Ny =55x% 10%4; N3g=75x% 10%; N3g=1x 10°* so summing neutrons from all generations
up to 39 will yield ca 10** events as required.

A D-T pair has a mass of 8.36x 1077 kg. Hence a 1 mg pellet contains 1.2 x 10% pairs.
Allowing 30% efficiency, each pellet releases 6.3 x 10%6
that 1 GW is 10° Js~! leads to 10 pellets per second.
Need to think relativistically: E = ym0c2 where y= 1/ \/1 - v2/ c?

In this case y=40.8 so total energy of electron is 20.85 MeV. Subtracting the 511 keV rest-

eV . Converting to joules and recalling

mass energy yields the minimum kinetic energy, 20.34 MeV.
Two corrections are needed to the 24.68 MeV: neutrinos carry away 0.26 MeV which is not
available to heat the sun, and electron-positron annihilation which releases 2 x 511keV for each

positron. Total energy available to heat sun is thus 26 .204 MeV per four-protons.
9x10°¢ H atoms remaining in the sun, i.e total energy available is

9><1056x-2—6—'§f%4—‘3‘-’-x1.6x10"9 C=94x10"7]

Hence remaining lifetime estimate
9.4x10* 1/3.84x10% W =78 Gyr

(a) allowed; (b) forbidden; (c) forbidden; (d) allowed; (e) allowed; (f) forbidden.



PHY3136

We apologise, the Hints and Tips sheet for this module is unavailable.

Please contact Module Leader with any queries



PHY3137

We apologise, the Hints and Tips sheet for this module is unavailable.

Please contact Module Leader with any queries
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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY3140
Name of module Methods of theoretical physics
Date of examination June 2009

Fourier transform: F (k) = exp(— kx, — lkly)/ NS ,
Notations: A=1; B=(1+i)/v2=exp(in/4);, C=i; D=(~1+i)/2 =exp(3iz/4)
F=-1, G=(-1-i)/V2=exp(5in/a), H=—-i; J=(1-i)/2=exp(7iz/4)
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(b) The unit element is A =1. (c) Multiplication table is symmetric (AB = BA, etc), thus, the
group is Abelian. All elements can be expressed as Bk , where k =0,1,2,3,4,5,6,7 , therefore, the

group is cyclic. (d) The inverse element of JisB.

27:/ v1-a® . Hint: Substitute z =exp(i#) and use contour integration.
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Function (a) is a better approximation.

B=ta. w= iexp(ax)oos(ay) + const.
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Here y = [V1-¢° dt ~0.93.
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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY3142
Name of module Stars from Birth to Death
Date of examination June 2009

(1-a)L
1676T*

12
1. Use equation D = ( ) and the numbers given to get the radius of the outer edge of the habitable zone to

be 0.8 AU. Then use the same equation with T=373 and D=0.8 AU to solve for L and then L = ATR*T* 10 get

R=1.86 solar radii.
2. 3x10°(M I M) =(M 1 Mo)” so (M1 M,)" =3x10* so M = 62M,

3M 2, 77 rf
3. Central density is P, = — Pressure is P(r)= P(0)—-nGp, (-—3— rt— —9—%— + 4rR2 ) using boundary condition
5 GM?
we get P(0)=——
4 R

4. Lifetime of a star must go something like T o< —Z- 5o we know the Sun lasts approximately 10 billion years so we get

oo (M1 Mo) o (M1 M)

=10"°(0.1)>* =3x10"
(L1Ly) iy 0 O o

7=1



PHY3143

UNIVERSITY OF EXETER
SCHOOL OF PHYSICS

JUNE 2009

ADVANCED ELECTROMAGNETISM

Hints and Tips

First part is Bookwork

Second part is simple algebra.

Third part is substitution, being aware that k = nky &= n?

Fourth part is algebra.

Fifth part answer is spiral standing wave

Plasma frequency

Algebra

Bookwork .

Simple substitution of 50 Hz to obtain s kin depth of abaout 1 cm
Again algebraic substitution

Algebraic manipulation

Key is to use (op << w&) in expression for skin depth

Calculate skin depth for that value of conductivity
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PHY 3143



Part 1: Entirely Bookwork [8]

Part 2: Entirely Bookwork. [6]
Part 3: Entirely Bookwork. [16]
Bookwork. - [4]
Bookwork but take care to put values in for the appropriate angle ranges etc.

(7]
Bookwork. [3]
Note air to diamond not diamond to air. [31
Simple substitution. [2]
Substitution of correct numbers. [2]
Substitution of correct numbers of the correct angle [5]
Realise that for 45° the s and p components have equal amplitudes. [4]

END OF PAPER
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