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3. Eoptaopog e Exatovraetnpidag Tov Atopikov Ilpotvmov Tov Rutherford:
H okédaon €vog 10vTog amté £va 0VOETEPO ATONO

FIGURE 1

‘Evaov pélag m, poptiov Q, Kiveitar e apyikr U GYETIKIOTIKY TodTTo U, amd ToAd pokpivi
andoTOON TPOG TO HEPOG EVOG 0LOETEPOV 0TOHOL palac M, 6mov M >>m, Kot pue GuVTEAEDTN
niekTpikng molmwong a (electrical polarisability). O mapdyovtag kpovong eivar b, Onwg paiveron
6710 Zymua 1.

To Gropo moAwvetal oTrypoio omd To nAekTpiko medio ( E ) tov 1dvtog mov minoidlet to dtopo. H
NAEKTPIKN PO TOV SITOALOL TOL ATOHOL TTOV OMovpyeital eivar p = ¢ E . Ayvoeiote, 68 avtd 10
TPOPANLLOL, OTOLUONTOTE OKTIVOBOAOVGH EVEPYEL.

3.1 Na vtohoyicete Vv évtoon Tov nAektpikov nediov ( E ) oe andotaon I' and Eva 10avikd

NAEKTPIKO dimoAO B , ®G TTPOG T0 onueio avapopdg O, Katd punkog g devhuvong B , OTO Zynuo 2.
[1.2 points]

p=2ag, r? a

FIGURE 2
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3.2 Na e€dryete T oy€on mov divel T dvvoun f 7ov ackeiton 610 16V AOY® TOL TOA®UEVOL
atopov. Na dgi&ete 0TL avth 1 dvvaun givat EAKTIKY aveEapTHTMS TOL TPOGTLLOL (EI00VC) TOL
(OPTIOL TOL WOVTOC. [2.2 points]

3.3 No tpocdiopicete TV NAEKTPLKT SUVOLLKY EVEPYELX AOY® TNG 0AANAETIdpaoNG TOL Levyoug
1OVTOG-0aTOLOV, GE GLVAPTNOT TOV PVOIKOV peyebov a, Q ko I . [0.6 points]

3.4 Na mpocolopicete Tn oyéon yuo 1o I

min ?

Omm¢ 6To Lynua 1. [1.8 points]

™V EAQ(IOTY amOCTACT TOL TANGLALEL TO 1OV TO ATOUO,

3.5 Avn mapapetpog kpodong b eivar pcpdtepn amd o kpion Ty by, to 10v Ba dtaypdnyet o
EMKOELON TPOYLE YOP® OO TO ATOMO. € Ui TETOW0 TEPIMTMOT, TO 1OV Oa yivel nhekTpikd ovdETEPO,
Kot po o dTopo Ba poptiotel nhektpikd. Avth N dadkacio etvar Yoot og aAAniemidpaon
«avtoAroyng eoptiovy. Na mposdiopicete To euBadov g evepyod Swtopung, A= zb; yia oty ™mv
KPOVGT] TOV ATOLOV, GTO GUGTN O AVAPOPES TOV 1OVTOG. [2.2 points]
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QUESTION 3: SOLUTION

1. Using Coulomb’s Law, we write the electric field at a distance 7 is given by
_ 9 _ q
E 2 2
4re,(r—a) 4re,(r+a)

p

q 1 1

E = _
p 4 rZ 2 2
MR
o r o (1)
Using binomial expansion for small a,
E, = —1 2(1+@—1+§j
Areyr r r
- 4qa3 — qa3
Amegr™ mert 2)
__2p
Arg,r®

2. The electric field seen by the atom from the ion is

E, = —2 ¢ . @3)
4re,r
The induced dipole moment is then simply
. = aQ
=aE = - r 4
p ion 47Z'{;'Or2 ( )
From eq. (2)
E = 2P ¢
Are,r
The electric field intensity Ep at the position of an ion at that instant is, using eq. (4),
Ep: 13_2aQ2f:_ 025stf
Are,r” | Ameyr 8 elr
The force acting on the ion is
- = aQ®
f=QE =-—2f 5
e 872elr’ ®)

The “->* sign implies that this force is attractive and Q*implies that the force is attractive regardless
of the sign of Q.
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3. The potential energy of the ion-atom is given by U :I FLF e (6)

. . T aQ?
Using this, U = | T.0r = — 5 . e 7
g -r[ 327tzg§r4 ™

[Remark: Students might use the term —p - E which changes only the factor in front.]

4. Atthe position r, we have, according to the Principle of Conservation of Angular Momentum,

mvmax rmin = mVOb
Voo = Vo b (8)
rmin
And according to the Principle of Conservation of Energy:
_ 2
1 mv2_ e 1 mv; 9)

2 R2riglrt 2
Egs.(12) & (13):

BECEON

(. 3270 \ ..
(rmin )4—(—“*““ j2+—“Q2 -0 (10)
b b remdor 0 e
The roots of eq. (14) are:
b aQ’® :
r. =—1+ 1-———12 11
min \E{ \/ 472'28§mvgb4 :| ( )

[Note that the equation (14) implies that r_. cannot be zero, unless b is itself zero.]
Since the expression has to be valid at Q =0, which gives
1
(o = D [121]2

min ﬁ

We have to choose “+” sign to make I, =b

Hence,
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5. A spiral trajectory occurs when (16) is imaginary (because there is no minimum distance of
approach).
I, 1S real under the condition:

aQ’®

D
4r’gimv.b*

aQ®
b>h =| ——— | 13
0 (47zzg§mv§j (13)

2.2 2

aQ® )¢
For b <b, = P — the ion will collide with the atom.
g, MV,

Hence the atom, as seen by the ion, has a cross-sectional area A,

A= = n[“—szz ................. (14)

2.2 2
4reymy,



	IPhO_42_2011_Th3.pdf
	IPhO_42_Th3_sol.pdf

