Structure of Matter
Problem Sheet 4 Answers

1.

(a)

(b) T,

(a)

Iceberg is in equilibrium so

weight of berg = buoyant force on cube = weight of water displaced
If volume displaced = V; and total volume = V'
— Pice V g = Pwater ‘/1 g

hence fraction submerged = Vi /V' = pice/ pwater = 920/1025 = 0.898 (89.8%)

For balloon to be in equilibrium,
wetght of balloon + weight of helium filled = weight of air displaced

5% 1078 g+ 3713 % ppe g = 571 % pair g

5x 1073 = %m‘g‘ no (Mair — Mpe)

5 x 1073
T3 = X

~ 37 (1.01 x 105 /kp * 273) (29 — 4) 1.66 x 1027

r=0.10m = 10 cm

Incompressible so w1 A7 = usAs
uy = 70.8% % 1.2/m0.4> = 4.8 m/s
Flow rate = u.A = 7(0.4 x 1072)? % 4.8 = 2.41 x 10~* m? /s

So time taken to fill tank = 20/2.41 x 10~* = 8.29 x 10* s &~ 23 hours

Effective volume is b = 4V}, = 43mr®
so = (3b/16m)"/% = (3-6.49 x 1072°/167)"/% = 1.57 x 10~%m = 1.57 A

8a 8-3.86 x 1074

= — — 128 K
27kpb  27kp6.49 x 1029

3 directions of vibration with 2 degrees of freedom for each direction (one pe and
one ke) — nyg =6



U=6x NkpT = 3NkgT,

d
Cy = (g?)v = <c1(7{> (from first law with no work done due to constant V)
— CV = 3N]€B

(b) For 1 mole Cy,, = 3N kp = 3R = 24.9 J/K per mole = 5.96 cal/K

(a) AL =123.1x0.3x (77 —293) pum = —1.5 x 10* pm = —1.5 mm
(a) AL=1.17x 10° x 320 x (—30) = —0.112m ~ —11 cm
(b) Volume V = L3 = {Lo(1 4+ «AT)}* = L3(1 + aAT)?
~ L3(1 + 3aAT + ...) ignoring terms in o or higher due to smallness

Since Vy = L3, then AV =V, 3aAT =V, BAT, ie. =3«

(a) State zero (ground) has probability p, = Ae F/ksT
State one has probability p, = Ae~(F+AE)/ksT

Total probability = 1,

S0 AefE/kBT+Aef(E+AE)/kBT -1

N A — 1/{e—E/k‘BT<1 + e—AE/kBT)}

N
N —AE/kpT
and N1 = Npl = ©

(1 + e~AB/k5T)

(b) Relative proportions N /Ny = e 2E/ksT o
i. kgT =0.1AE ratio=e %' =45x107°
ii. kgT =0.3AE ratio= 3.6 x 1072
iii. kgT = AE ratio = 0.368

iv. kT =10AFE ratio = 0.905



()

()

E =0.023%1.602 x 1071 = 3.68 x 10°2'.J = kT

T = 267 K. This compares with its melting point which is 312 K

E=42%1.602x 107" =6.73 x 10719J = kT

T = 48,800 K. This corresponds to conversion to a plasma
A=h/p>n"3 but (p)?/2m = kT

= {p) = (3kpTm)"/?

—  h/@BkgTm)"/? > n71/3

— T < (h?/3mkp) n?/3

n =2000/(1 x 107°)3 =2 x 10'® m~3

So T < ((6.626 x 10734)2/(3 - 86 - 1.66 x 10727 - 1.38 x 10723)) (2 x 10'8)?/3
T<118x107"K =118 nK

Corresponding energy for this temperature = kT = 1.18 x 1077 - 1.38 x 1072 =
1.63x 10730 J = 107" eV

For adiabatic change PV7 = A (= constant)

dpP

P=AV"" —  =_A —’7—1:_P
% — av ’)/V ol /V
So K = yP and ¢, = \/K/p = \/vP/p

P
But for ideal gaSp:nOXm:&

so ¢s = /vkgT/m

~ _ 27 . _ _ _
For air, m =29 % 1.66 x 107", v = 1.4, ¢, = \/29 166 < 102 — 331 m/s
. _o7 o - (5/3)*]{33*273 -
For He, m =4 % 1.66 x 107%", v =5/3, ¢, = \/4 166 %102 — 973 m/s

The FE field can be obtained from Gauss’s law, consider a cylinder, with one flat
face (of area A) in the plane between the separated charges, and the other far
from the charges where the F field is zero. By symmetry there is no field through
the curved sides, so integrating over the side which has only ions in a layer of

3



(f)

thickness §
E-A=q/eo=np-e-6-Aley

—  E =mnped/e

me((i;z = —eEna = —enped /e
2
— 0+ (noe )520
Me€o

n062

1/2
which is SHM with angular frequency w, = ( > - the plasma frequency

me€o

ug = 360 E? = Leg (noed/eg)? = 3(nfe?d* /o)

%nokBT = %(n36252/eo)

T\ /2
rearrange to get, dur = (60 32 )
noge
2\ 1/2 20,2 1/2
npe 10“"e 1
=— = =5.6x10"H
“r <m660> <9.1 x 10751 8.85 x 1012> ‘

s (eokBT>1/2 B (8.85 x 10712 1.38 x 10~ - 10°

1/2
_ -5
1020 - (1.60 x 10-19)2 ) = 091107 m

71062



