IPHO-1988 Bad Ischl/ Austria
Problems and Solutions

Solution
3.1
r; =(ax)" +(ay)" +(Az)°
pg =(ap, ) +(ap, f +(ap, )
since
h h h
Ap, = > — Ap, >
P 2 AX Py 2-Ay P 2-AZ
gives
h? 1 1 1
po >— 2 2 2
4 [(ax)  (ay)  (az)
and
2
() = (ay) = (a2)* =%
2 2 9 2
thus pg -ty =—-h
4
3.2
[V, |...... speed of the external electron before the capture
Vi speed of A" before capturing

|\7f| ...... speed of A" after capturing
En=hv ... energy of the emitted photon

conservation of energy:
%-me V2 +%-(M+me)-vi2 +E[A Z‘1)+]:%-(M+2-me)-vf2 +E[A 7]
where E[AYY) and E[A¥2*] denotes the energy of the electron in the outermost shell of

ions A“D* and A“?* respectively.

conservation of momentum:

m, -V, +(M+m)-V,=(M+2-m_)-V, v
C

where 1 isthe unit vector pointing in the direction of the motion of the emitted photon.
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3.3
Determination of the energy of A“™* :
2 2
potential energy = — z:e =—Z g
4-m-g, -1, ro
p2
Kineticenergy =
2-m

If the motion of the electrons is confined within the x-y-plane, principles of uncertainty in 3.1

can be written as
re = (Ax)* +(ay)*

pg = (Apx )2 + (Apy)2

o om2 [ 1 1] #
pO:—- _— [ =—

2,2|_n 4
rZorl 4 r}

4 Lax)7 (ay) ] 4
thus
Pots =h°
EA(Z—1)+]: Po _Z'q2: o Zq
2-m, o 2-mg-r, o
- : dE
Energy minimum exists, when ar =0.
r.O
Hence
2 2
gE__ W ,zd
dr, me -1, rs
2
th|sg|ves i:zq—zrne
o h
hence
2
oG LA AL WL PP AL ..
2-m, h h?
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34
In the case of A“™* jon captures a second electron
2
potential energy of both electrons = —2- qu
0
p2 hZ

kinetic energy of the two electrons = 2-

B 2
2-m mg-r;
2 2

potential energy due to interaction between the two electrons = |q g = | = 2q
nL—r, Ty

hZ 2'Z'q2 q2
2 2 +
s 21,

m, -,
, dE

total energy islowest when ar - 0
r.O

E[A( 2—2)+]:

hence

2-n* 2.2-9° ¢°
s T 3 - 2

m, -1y r 215

hence

2
Lam. (521 122
h 2-h 2) 1y 4

1 1
2 qz-(Z-Z—j qz-me-[Z-Z—j
E[A( zz)+]:£_(q2 .meJ 3 2 _ 2

m 2-h?

e

2 2 2
q° - 2-2—1 m,-[q°- Z—E q?- Z—l
m 2 4 4
E[A\( Z—2)+]:__e_

0=-

4 h h? h?

thisgives
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3.5

Theion A“™* isat rest when it captures the second electron also at rest before capturing.

From the information provided in the problem, the frequency of the photon emitted is given

by

o _2057-107
2-m 2-m

The energy equation can besimplifiedto  E|A*™ |-E[A 72" |=r.0=h.v

that is

) 1)?
~Eq 2’ -|=2:Eq | Z-] |=ho

putting in known numbers follows

2
2180-107* -{— Z% + 2-(2 —%) :I =105-10"*.2,607-10"

Y Hz

thisgives
Z?-7-127=0
with the physical sensuousresult Z = 1+vir5l ;+51 =41

Thisimplies Z = 4, and that means Beryllium
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