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SOLUTION TO DEGREE EXAMINATION QUESTION

PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

M

Module Code PHY%423

Name of module Classical and Quantum Fluids

Date of examination January 2007

. . . rdp
Sheet stress at distance » from centre of circular pipe 7 = -—-2—-&—
£
Pressure drop across descending piston Ap =1.4MPa
. . Fp
Drag coefficient for cylinder Cp = Y
0.50v5 (JL'D /4)

(i) N/A
(ii) Heat dissipated must be less than:

0= Adh TIAT =50 107 m? x 4x10 W m™2 K* x (30 mK)® x 2 mK
~108pW = Vi =108 pW x 7kQ =0.87 mV

Typical values: C, =098 C.=064 Cy= 0.63

The superfluid fountain

-2
%=SVT——1~VP=O =>AT=§E=9'8mS x01m .,

ot P S 85Tkg'K7!

Vv =+/2gh =\/2x9.8 ms2x01m=14ms™

0= AVCAT =1mm* x1.4 ms™! x (53 Tkgt K x145 kg rn'3) x12 mK =130 yW



(i)
(ii)

SOLUTION TO DEGREE EXAMINATION QUESTION

PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY4423
Name of module Classical and Quantum Fluids
Date of examination January 2007

rdp

Sheet stress at distance r from centre of circular pipe 7 = S dx

Pressure drop across descending piston Ap” =1.4MPa
Ip
0.5pv2(mD*/4)

Drag coefficient for cylinder Cp =

N/A
Heat dissipated must be less than:
O = Adhy TAT =50x 1070 m? x4 x 10 W m™2 K™ x (30 mK)’ x 2 mK
=108 pW

Typical values: Cy = 098 C.=0.64 C4=0.63

The superfluid fountain
-2
N _gyr-Lypoo —ar-82.28ms x0Im 45
ot p S 85Jkg " K~

Vv =n/2gh =\/2x9.8ms”2 x0.lm=14ms"

0= AVCAT =1mm? x1.4ms™! x (53 Tke! K x145kg m"3) x12 mK =130 uW



PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHYM424

Name of module Semiconductors and Heterstructures

Date of examination June 2007
Ep=2.5meV

Acceptor concentration = 9.6 x 107 cm™

r1=12.15nm Ei=4.6 meV



Hints for Relativity and Cosmology 2007, PHYM432

1. Use Lorentz transformation to show that equation of world line of a particle under-
going SHM changes is

z'(p) = acosp, z*(p) = asinp

o Of p
2(p)=c, 2°(p)=0
while for a frame moving along x-axis with speed ¢/2, is

gt = y(z' — 2°/2) = y(acosp — cp/2w)
¥ =2 = asinp

2% (p) = (2° — 2*/2) = v(ep/w — acosp/2), @*(p) =0

If light bulbs are at —I and [ then time observer detects light is [/c. Light line is
(ct,l1 — ct) and (ct,-1+ct) in frame S and and (ct’,z") in s'. For light from right bulb

o =z —vt) = (I — (c+v)t)
ct' = v(ct — v(l — ct)/c)

This reaches origin when ¢ = [/(c + v) for which ¢’ = ~I(1 —v/c))

For left bulb, light line is 2’ = y(—I+ct—wvt), t' = y(t — (¢t —)v/c*) and this reaches
origin when t = [/(c — v) and at time ¢ = vI(1+v/c).

2. 3-velocity of light moving towards fixed origin from fixed star at angle a with x-axis,
is w = (—ccos a, —csina, 0). Suppose an observer is moving along z-axis with speed
w. Then velocity of light in frame S’ is

o = (c cos a+v)
7 14w/c cos @)
W = — ¢ sin a
V" y(l+w/c cos a)
w,=0
or ¢(—cos o, —sin o,0)
where .
ton of — sin «
v(cos a+v/c)
Recalling —ccos(a’) = —% and maximum value of « is 7/2 for which

cosa’ = v/c.

3. Book work

1 PHYM432



4. Schwarzschild metric for planar orbits is
2
ds? = BAdt® — ii;— — r2d¢?
B=1-2GMc/r=1—ry/r

_ Clearly goes to flat space-time when ¢ = co. Variables have usual meaning: ¢,7, ¢

are time, radial coordinate and angular coordinate. For r < rs terms change sign so
that length and time become interchanged.

Take mass of Earth to be 5.98 x10% kg. G = 6.67 1078 dyne cm? g2, ¢ = 3 10%,
MG/¢? = 443 cm or r, = .88 cm

2 PHYM432



PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHYM434
Name of module Signal processing
Date of examination June 2007

[(E)A.” I\a\,-(_ Loh@.&k, rol;_,} 4.(‘,’ s = 7_ ""'f—' -—'d J """L" ]

@) no 20ro§ @\ 2t b Or&l;\. L} 2 2808 g mJ‘“‘ Q()zms N ,,J Wo

@ zees Wk s = '2_ (p'“JJll-" ]

s [
Ql) (‘}) IHI = mok , o,-io.r loqugs LL C.)
. 2 3'(w) = lj CUn -ké-?: } 31’(\— -—h—flb’i
33(u\ s - gd S';:'s "'l-g" , 3q{w) = b S\;\lF ___l{i

Lo fme K;PQJAL 4’ ,(»Lf , o 9 = T” Iy

< Gf) L\/ &(Jklj add & 1Ly , o I\W‘l\'\l(;—e AD X ’,"/q{l_;
A L 17 !
Cobwew. Hthks o 3¢ T R =T ¢

Liw ookl 5 RO 19O T el ww 1pd 1T 190 /20

4’. See va(S .



