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2. Hliektpropévn Zamovvo@ovoka

OewpnoTe o 6EUPIKN comovvopovcka aktivag R, . O aépag 610 E0OTEPIKO TNG GATOVVOPOVCKAG
&yer mokvotnta p, kot Oeppokpacio T;.

H comovvopovoka meptPailetar pe aépo TukvOTNTOG P, , ATHOCPUPIKTS Tieong P, kot
Oepuokpaciag T, . H pepPpdvn mg camovvopovckog YL EMQAVELNKT) TGN ¥, TUKVOTNTA O, Kol
méyog t. H péla kou n emeaveiaxn taon e comovvoépovokag dev aAldlovv e tn Beprokpacia.
YnoOéote 011 Ry >>t.

H avénon g evépyetag, dE , mov ypetdleton yia va avénoet 1o euPaddv e ETPAVELNS TNG
pepuPpavng tng camovvopovokag katd dA, divetan and ) oyéon dE = ydA, d6mov ¥ eivou i

EMPOVELNKT] TAGT TNG LeUPpbvng.

2.1
Na tpocdiopicete 10 Adyo p’—Ti, oe ovvaptnon tov peyedaov y, P, kauw R).  [1.0 point]
2.2
T.
Noa vroloyicete TV aplOUnTIKY T TOV AOYOL Py , XPTCLLOTOLDVTOG
y=0,0250 N.m™, R, =1,00 cm xou P, =1,013x10° N.m™>. [0.3point]

2.3 H camovvépovcka apyikd oynuatiotke omd Oepuotepo aépa 6to ecmteEPKd TC. No
vroAoyiogte v eAdylotn apduntikn tyun g Oeppoxpacioc T, , étol dote N
COTOVVOPOLGKO Vo EMIAEEL TEPPOUAAOUEVT] amtd akivnTn pala aépa. XpNoYLoTomoTe
T.=300K, p, =1000kg.m™, p, =1,30 kg.m™, t =100 nm xar g =9,80 m.s™.

[1.7points]
Metd to oynuaticpo g N camovvoeovoka Oa amoktnoel Beppikn woppomia pe to TePPAALoV TG,
Avt 1 canovvoeovska, TEPPAALOUEVT amd axivnTn Halo aépa, PLOLOAOYIKE TEPTEL KATAKOPLPQ
TPOG TO £00LPOG.

2.4 No mpocdopicete v eAdytot TovtnTa U pag agptog palog n onola kiveiton Kotakdpoueo
TPOG TO. TAV® KOl EUTOSILEL TNV TTMOOT TNG CUTOLVOPOVOKAG OTAV avTh Pploketal o€
OepLukn 1ooppomia pe 10 TepPaiiov tG. Na dDGETE TNV OAVTNOT GOG GE GLVAPTNON TOV
peyebov p,, R,,d, t kot Tov cuvtekeoton 1EM@OOVG TOV apa, N. YroBéote Ot N TayvTnTa
™g aéprog padas ivar GYETIKA LIKPT MOOTE VoL tkavomoteitat o vopog tov Stokes. Ayvonote
™ HETaPOAN TG axTivag TG GOmovVvOpoVoKag AdY® NG TTtons g Bepuoxpacios e H
avtiotacn tov aépa amd To vouo tov Stokes eivan F = 67nR U . [1.7points]

2.5 No. voloyicete ™V TR TS TovTTag U Ypnotponotdvtag n=1,8x107° kg.m™'.s™.
[0.3point]
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O1 6potl TOV TEPEYOVV TNV ETMPAVELNKT) TAGT ¥ OTIS OMOVINGELS TOV TTO TAV® EPOTNUATOV, OEV

emmpedlovy 1060 TOAD TNV 0KPIPEID TOV ATOTEAEGUATOV.
Mmnopeite Aoutodv vao TaparelyeTe TOVS OPOVE TOL TEPIEYOLV TNV EMPAVELNKT TACN ¥ GE OAO TA TTLO

KOT® EPOTNUOTOL.

2.6

2.7

2.8

Av o0t 1 CEUPIKT GATOVVOPOVGKO NAEKTPIOTEL OLOIOLOPPO. LLE GLVOMKO PopTio (1, Vo
npocdopicete v e&icmwon mov divel tn véa aktiva R, o€ cvvdptnon tov peysbov R,, P

a’

g kot ¢ dmAektpikng otafepds Tov KevoL &, . [1.5points]

2

YnoBéote 0TL T0 GUVOAIKO PopTio dev etvar vrepPoiikd peydro (i.e. - <<P,)xoun
0°°0
AKTIVOL TNG CATOVVOPOLCKAG ALEAVETAL TTOAD Alyo. YToloyiote T petaffoin; AR 6mov
R =R, +AR. Aivetar 61t (1+X)" =1+ nx, 0mov x <<1. [0.5 point]

Na npocdiopicete v e&icwon mov divel TV T TOV POPTIOL J GE GLVAPTNOT TOV
ueyebaov t, p., p,, &, R,, P, £101 ®o1e | camovvoPovsKka va Tapapéver akivnn,
nepParropevn amd axivnt pala aépa. Na vroloyicete, eniong, TV T TOV GopTiov (.

Afvetarn Sinkextpikh otadepd Tov kevoy &, = 8,85x107" farad.m™ . [1.0 point]
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2. SOLUTION

2.1. The bubble is surrounded by air.

P, T, o,

a’ a

Cutting the sphere in half and using the projected area to balance the forces
give

PzR; = PR +2(27Ry)
.1
p = P4l @
R0

The pressure and density are related by the ideal gas law:

PV =nRT or P :"Mﬂ, where M = the molar mass of air. .. (2)

Apply the ideal gas law to the air inside and outside the bubble, we get

M
T =P —
pll IR
M
T =P, —,
paa a R
piTi — i = |1+ 47/ (3)
paTa Pa ROPa
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2.2.

2.3.

Using y=0.025Nm™, R,=1.0 cm and P,=1.013x10° Nm, the numerical value
of the ratio is

A1, 110000 .. (4)
paTa ROPa

(The effect of the surface tension is very small.)

Let W = total weight of the bubble, F = buoyant force due to air around the
bubble

W = (mass of film+mass of air)g

= (4ﬂR§pst+gﬂRg’pijg ... (5)

4 p.T 4y
=47R ptg+—nRE A2 14 ——
0 ps g 3 0 T |: ROPaj|g

The buoyant force due to air around the bubble is
4
B= gnFag’pag ... (6)

If the bubble floats in still air,

B>W

R0 Pa

. (7
%”R3p3924ﬂR§pstg+%7rR§ p;Ta {1+ 47 }g (7)

Rearranging to give
Ti > RopaTa + 47/
R,p. —3pt R,P, ... (8)
>307.1K

The air inside must be about 7.1°C warmer.
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2.4.

2.5.

Ignore the radius change = Radius remains R, =1.0 cm

(The radius actually decreases by 0.8% when the temperature decreases
from 307.1 K to 300 K. The film itself also becomes slightly thicker.)

The drag force from Stokes’ Law is F =6z7Ru ... 09

If the bubble floats in the updraught,
F>W-B

... (10
6ﬁnR0u2(47zR§pst+%7zR§’pijg—%ﬁRgpag (10)

When the bubble is in thermal equilibrium T, =T,.

4 4y 4
67nR,u=> [471R§ p.t +§72Rg’pa {1+ RP Dg —gﬁRgpag

Rearranging to give

u> + .. (11)

The numerical value is u>0.36 mi/s.

The 2™ term is about 3 orders of magnitude lower than the 1% term.

2.6.

From now on, ignore the surface tension terms.

When the bubble is electrified, the electrical repulsion will cause the bubble
to expand in size and thereby raise the buoyant force.

The force/area is (e-field on the surface x charge/area)

There are two alternatives to calculate the electric field ON the surface of
the soap film.
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A. From Gauss’s Law

Consider a very thin pill box on the soap surface.

E = electric field on the film surface that results from all other parts of the
soap film, excluding the surface inside the pill box itself.

E, = total field just outside the pill box = q =2
dre,RS &,
= E + electric field from surface charge o
= E+E,

Using Gauss’s Law on the pill box, we have E_ = ZL perpendicular to the film
o

as a result of symmetry.

Therefore, E<E,-E, =22 -2 _1 a4 ... (12)
& 28 2¢, 28, 4rnR]

B. From direct integration
Ro9

SR

) R

V/

charge&q
54 =( a jZnRsin 0.R50
4

R2
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To find the magnitude of the electrical repulsion we must first find the electric
field intensity E at a point on (not outside) the surface itself.

Field at A in the direction OA is

oE

2

1 (Q/47Z'R1)27Z'R18in95198in§ (a/47R?) ¢ (9)

= - = ~——"2C05—0
Ars, ( ) 9) 2¢, 2
2Rls|nE

ArR? ) 6-180 47R>
EA - M '[ Cosgd(gj — M (13)
2¢, oo 2 \2 2¢,
The repulsive force per unit area of the surface of bubble is
47R?)
[ qsz:(Q/ r) ... (14)
ArR; 2¢,

Let P and p/ be the new pressure and density when the bubble is electrified.

This electric repulsive force will augment the gaseous pressure P'.

P'is related to the original P through the gas law.
pi’ﬂ ﬂ
3 3

In the last equation, the surface tension term has been ignored.

ﬂRf =P JZ'Rg

From balancing the forces on the half-sphere projected area, we have (again
ignoring the surface tension term)

Pi’_{_(q/42.LR1) = Pa
3 “o . ... (16)
Pa (&j +M — Pa
R, 2¢,
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Rearranging to get

BB o = 0 .. (17)
R, R, ) 327°¢,RiP,

Note that (17) yields %zlwhen q=0, as expected.

0

2
2.7. Approximate solution for R, when S T

327°g,RyP,
WriteR =R, +AR, AR << R,
4
Therefore, ﬁ=1+A—R, (&j ~1+42R ... (18)
R0 RO 0 0
Eq. (17) gives:
q2
ARrx— ... (19
967°£,R3P, (19)
q’ q’
~R+—"F ~R|1+——— ... (20
R R°+967z280R§Pa °[ +967z280R§Pa] (20)

2.8. The bubble will float if

B>W

.. (21
%ﬂpra924ﬂR§pstg+%ﬂR§pig @)

Initially, T =T, = p =p, for y >0 and &:R0[1+A?RJ

0
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3
%ERS [1+ AR—R] P9 2 47R; piig +%7IR§pag
0
4 2
§7r(3AR)pag > 47R; ptg
» . (22)

_— > 4AzR: p t
967[280R0Pa pag 0 ps g

4
-7
3
g > 967°R? p.te,P,
Pa

q ~ 256x10° C =256 NC

Note that if the surface tension term is retained, we get

R ~|1+ q°/967%¢,R;P,

)

RO
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