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de (x) = __2x1019

Ex = -(0.0259)(2 x 10'%/(3x10'® —2x10"%) Vem™!
Atx=0, E,=173 Vem™

2.

Only electrons within kg7 of &r can be excited
The magnitude of their energy gain is kT’

# of electrons excited ~ Gl )- Ag ~ —g—iv— -k, T
g

Total electronic thermal kinetic energy

KE ~ kT x G(s,.)- Ae

Electronic heat capacity, C, = —a—(KE )~ Nk, T 3
oT T.
3.
2nkdk 2nodo

G(k)dk = > = e

@z/L)}  (@x/L)'v]

2

(o) = G(k)dk _ L a)2

do 27

N = wa(a))da)

2nv, |N
A

kD zwD/vs

For 7>> 6, the average energy of mode w (classical result): &, ~ k,T

Total energy (two dimensional crystal), £ ~ 2Nk,T , where N is number of modes.

Therefore C, = %— = 2Nk, (Dulong-Petite constant for 2D lattice)
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For T << @p, only those modes having %w < kgT will be excited to any appreciable extent.

Hence ha,,, ~ho, =k,T and therefore fraction of occupied modes 1s
ar

jg(m)dco

RO
o) k) "o
[g(@)do

0

There are of the order 2N(7/0p)* excited modes, each having energy ~ ksT. Total energy is

2
therefore ~ 2NkpT(T/ «90)3 and heat capacity C,, = % <k, N (ET_J
D

4.

The wavevector at the corner is longer than the wavevector at the midpoint of a side by the
2 2
factor V2. As ¢ is proportional k for a free electron, the energy is higher by W2 =2.

In three dimensions the energy at a corner is higher by ¢ 3)2 than at the midpoint of a face.
Unless the band gap at the midpoint of a face is larger than the kinetic energy difference
between this point and a corner, the electrons will spill over into the second zone in
preference to filling up the corner states in the first zone. Divalent elements under these
conditions will be metals and not insulators.

Jzo*E:-E—»pz !
P ex,p

Since N, >>n,then p~ N, at room temperature full ionization)

1

= s — =3.7 ohm cm
1.60x107" -480-3.5x10

—>p
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(R+ jwL)
1- ZO — _.—-——T—-—-
(G+ juC)

Frequency independence requires:
R/L=G/C = G =CR/L=10Qm™" x55pFm™ /275nHm ™" = 2mSm™"

(10§.zm'~1 + jw275nHm‘1)

Zo- (ZmSm"1 +ja)55me'1)

=70.7€2

Length of line limited to ~ A/10 ~0.7¢/(100 MHz x 10) = 0.2 m. One remedy is to isolate S

from ground and use a proper differential pulse drive. Alternatively, if circumstances permit,
replace the cable with single-core coax.

2. () Rp =56Q=T=300Kx56Q/48Q=350K
Py = (350K ~300K)x22x 107 JK™' m™' x0.9ms™ =99 mW;
Vo =2x+/56 Qx Py =471V

(b)

2 2
Vout - Vout

P = a(Telement - Tair)(S + SO) = = Vou= ’\/a(Telement ~ Loy )(S + SO)4RO '

4Rp, 4Ry
d a(T, -T: )R
AVou /AS - EE'\/a(Telement - Tair)(S + SO)4R0 = \/ ( elir/n;ri S, alr) 0
=~ (Ttement = Tie)Ro/ S0 = {22107 TR x50K x562/0.9ms™

=262V sm™

172



3 (a)

(b)

(c)

1kQ+ 47 kQ

1kQ4 47 kQ
1k

~[300 nA x 47 kQ]+ |2 mV x
1kQ

Vo = [300 nA x 100 kQ x

=15V
Insert a 100 kS resistor in series with the inverting input, this causes the two bias current terms

in the above expression to cancel leaving only the bias offset current.

AV, =|1.50Ax100 Oy LKRHATRR| 1 g LKL ATRR 17y
1kQ 1kQ
y - QAR v min(Vi,)=100x 17 mV LK sy
1kQ 1kQ+ 47 kQ

rms =70V Hz Y2 x 1500 kHz x 1000 = 5.0 mV
An appropriate bandpass filter would have -3 dBpoints at 150 Hz and 10 kHz and would
improve the sensivity by eliminating out of band noise, and also mains interference at 50 Hz
and 100 Hz. Reducing the upper frequency limit from 500kHz to 10kHz would improve the
sensitivity by a factor of 4500 kHz/10 kHz ~ 7.

2/2
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(i)

(iii)

@
(i)

Prose answer with diagrams required: all relevant information in lecture notes.
BE released is BE(35,187) + BE(57,145) - BE(92,235). Manipulate to yield
E = -3a, - 9.153a, + 476.7a, + 1.118a,

before inserting the values for the empirical coefficients to yield £ = 153.9 MeV.

Hints: can ignore masses of protons and neutrons, as there is no net change; pairing
term of SEMF is zero in all cases, as A is odd for each element.

After time ¢, numbers of atoms of two isotopes are:

Noos(f) = Noexp(—t/Tys) and  Npa(t) = Npexp(—t/T04)

and thus ratio is:

Naos(®) [ ( 1 1 )} 1205 7
——= =exp|—t - = =2x10
Naoa(t) P T205  T204 n204

Age of planet ¢ = 2.36 X 108 yrs.

Hint: as 2%“Pb is stable, 1/7204 = 0.

Prose answer with diagrams required: all relevant information in lecture notes.

First part. Hint: remember that 1 mole (235 g) of *3U contains 6.022 x 10% atoms.
Second part. With k£ = 1.693, equation simplifies to N, = Ny X 2". Thus, in n-th
generation, neutron yield is 2" times number of neutrons in zeroth generation and total
number of neutrons produced by the time the n-th generation is reached is ~ 2D,
Starting with Ny = 1 in the zeroth generation yields n = 80.

Third part. Hint: assume lump of uranium is spherical to calculate its radius; then

assume that each generation of neutrons needs to travel roughly across diameter of
whole sphere in order to produce next generation.
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(i)

Prose answer with diagrams required: all relevant information in lecture notes.

Answers follow readily by following lepton conservation rules:
n—opt+e +v

L T A

Hr = et +ve+ 9,

(iii)

()

(i)

W +v, e+,
Ve+p—on+et

at - +et + v,
Vuyt+tp—p +p+at
T U VY

Neutron make-up is uud while anti-neutron is #dd. Key difference is that charge
of quarks are all reversed: neutron is (+2/3,-1/3,-1/3), while the antineutron is
(=2/3,+1/3,+1/3). Thus antineutron decay involves changing one of the antidown
quarks into an antiup with charge —2/3, yielding a total charge of —1 for antiproton.
To ensure charge conservation, a positron (e*) must be emitted and to ensure lepton
number conservation, an electron neutrino (v,) must be created; the gauge boson in-
volved must be a W*.

Prose answer with diagrams required: all relevant information in lecture notes.

Unobserved gauge boson is the graviton. As gravity is always attractive, it dominates
over electromagnetism over large distances, as attractive and repulsive forces between
positive and negative charges roughly cancel in bulk material. The weak and strong
nuclear forces are short-range only.

The cosmic ray proton arrives ~0.5 nanoseconds after the photons.

Hint: calculate relative velocity (v/c) of proton, noting that it is relativistic and thus
E = ymyc®. Given E and my, it is trivial to calculate v/c as 1 — (5 x 107%%). By
calculating how long it takes photon to travel 1 megaparsec, it is easy to show how

much longer proton takes.






