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" *INTRODUCTION

Neutron bombardment can have a considerable effect on the properties of a metai. _
~“The severity of these effects is greatley increased when fissionable materials are irrad-
“iated decause of the production of heavy highly emergetic fission fragments.

Uranium is the only fissionable readily obtainable and is, quite unfortunately, anis-
-otropic in its properties. The unstability of uranium under neutron irradiation has made
the various study of uranium alloys. ,

Some attempts have been made to stadhze gamma uranium by the addition of eleme-
nt such as titenium, vanadium, niobium, zirconium, and molybdenum. Though these
.alloys do not give stable alloys at room temperature, appropriate heat treatment notable
system of this type is the uranium-molybdenum.

During the fuel alloy development for the Pressurised ,water Reactor, -the uranium-
molybbenum. (9to 13.5 wt% Mo) alloy was developsd as an alloy ,with $uitable radiati-
-on properties for use. )

That is, critical properties of the fuel, such as dimensional stability and corrosion
resistance in high ‘temperature water, must not deteriorate under neutron bombardment
“to the point that fuel element integrity would de seriously jeopardized during core life,
even in the case of clad penetration. »

This paper presents a summary of available information on the changes Wthh have
been observed in metastable gamma phase alloys uranitim-molybdenum. of primary
interest are the dimensional changes, following discussion of which some data are
_given on miiscelleneous propertios changes; such as, hardness, electrical resistivity,
corrosion resistance, etc. '

"PHASE RELATION

Recently reported phase diagrem of the nranium-molybdenum system is. given in
‘Flg. 1.

The solid solublhty o: molybdenum is 1. 7 wt% in alpha uranium and 25 wt% in
~gamma uranium at 1280 C
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Translornation of the ganma phase to roon tsmperature stable phases occurs by eu-
tectoid decomposidion at 562 C and 11.4 wt%. Thedgamma phase, which is the rmost
corrosion resistant in high temperaiture water, can be retained at room temperature by
cooling prolonged heating at temperatures deratures delow the eutectoid: the transform-
ation products are alpha and delta phases; the delta phase, whicich also forms by
poritectoid reaction at 605 C and 16.5 wt% c/a=2.371, and de -considered an ordered
form of gamma phase, which is a disordered i)ody—centered cubiclattice (Fig, 2).

DLMENSIONAL STABILITY AND DENSITY

The uranium-molybdenum alloy 10 wt% of mo.ybdemum, gives excellent dimensional
stability is irradiated in the gamma phase condition.

No measureable changes in dimension and density were reported by M.L.Bleiberg, et
al., for the samples exposed to less than 1200 MWD/T in bare condition, 5510 MWD/T
in clad condition with Zircaloy-2. For the higher exposures they reported that gamma phase
alloys irradiated at temparature of 400 C and below becr ease in density 4 to 6 % per
atomic per cent burn-up in bare condition, 1.3 to 2% per atomic per cent burn-up in
clad condition (Fig. 3). Thz maximum density decrease of 4.4 per cent at an exposure
of 8800 MWD/T at temperatures below 428 C in bare specimens, and of 4.5 per-cent at
- 28.200 MWD/T at core temperatures to 654 C in the clad specimens, were noted. }

Volume changes accompanying irradiadiation are summarized in Fig. 4. Use o a
cladding markedly diminishes volume ¢hanges. This may interprete as that much of
volume change in gamma phase alloy is -probabley due to formation ofpvoids which may
be suppressed, at least at the surface, by cladding. ' .

Various estimate may be made of the volune expansions in fissionable materials-as
a result of ofrmation of fission atoms. Such increases would arise because of the large
average volume of fission product atoms as compared with that of uranium atoms, as
well as the formation of additional atoms. The inert gas atoms are prime importance.
It arises from the 12.5 to 15 per cent yield of iner gas atoms (depending upon the ext-
ent of Xel35 neutron capture) in the fission products. These atoms are very lé.rge, have:
no affinity for the matrix atoms and have an inmeasureably small solubility in solids.The -

atom diameters of krypton and xenon are 4.0 and 4.4 A respectively, while that of uran-
) jum is adout 3.0 A, therefore the lare size of the gas atom would make it extremely
difficult to get ont of the soultion state. Neverthless, through the fission process these
atoms are inserted into the matrix lattice.

At the same, this parent lattice is being disordered by rneutron and fissiion spikes.

However, the large volume increases are apparently not just a consequence of the pr-
esence of the inert gas atom in the material since up to 1% gas concentration have been
contai;xed with no fuel swelling. The distribution of the gas atoms also must be import-
ant. with only the inert gas atoms and matrix atoms as the system, the maximum con-
cenlratien of gas atoms as the system, the maximum concentration of gas atoms discr-
etely dispersed in the matrix, can be reasoned to be depend upon the formation and dif-
fusion rate of these gas atoms.
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Therefora, analysis of the fuel element swelling problem indicates that fission and
diffusion rates during irr‘adiati_ori are important parameters in describling fuel swelling.
The fraction of gas atoms that can be contained with a metallic lattice appears to be low
compared to the levels of éoncentration' obtained in many experiments. High fission rat-
es and low diffusion rates rduce bubble size and swelling and decrease the importance of
material.imperfections as sources of volume instability. The swelling wich occurs in fuel
element should be expected to be history depend in that bubbles formed at the beginning

of test tend to accelerate the swelling dy virtue of their increased surface area. In add-
ition, in critical ranges of fissiori rates and diffusion rates the amount of swelling may

be burn-up .rate dependent.

ELECTRICAL RESISTIVITY

Electrical resistivity of gamma quetched uranium-molybdenum alloy decrease sharply
from radiation 'to low exposure. With incereasing exposure, resistvity increase steadily.

The change in electrical resistivity of gamma quenched uranium-9 % molybdenun
(in weight) is potted in Fig. 5, uranium 10.5 wt% Mo and uranium- 12 wt/ Mo alloys
alloys in Fig. 6.

The initial sharp decrease, about 1 %, in resistivity at low eXposure is attributed to
a partial ordering due to neutron hombardment.

These changes are typical of those exhibited by order-disorder alloys (such as Cu;Au)
in which the disordered phase partially orders and similarily the orderd phase disordered
due to neutro:n bombardment.

In uranium-molybdenum alloys, the orered form of gamma structure is the delta ph-
ase of the alloy.Since partial transformation to alpha plus delta also causes a decrease in
resistivity, this possibility during radiation must be considered.

The mechanism by which disordered phase tends to become ordered by neutron irrad
iation is believed to be as follows; vacancies and interstitials are produced dy elastic col-
lisions of neutrons with atoms of the metal lattice as well as by subsequent collision of these
displaced atoms with other lattice atoms, The vacancies and interstitials provide the latt-
ice tend toward its. equilibrium state, that is, the ordered state. It is the vacancies rem-
aining after finterstitials have been dissipated by interastion with vacancies, grain boun-
daries or other sinks which are effective in producing order.

At the same time there is an oposing factor to be considered. Thermal spikes, or
displacement spikes, or replacement collisions promote disorder. Thermal neutrons favour
the predominance of vacancy effects over those of displacement spikes, while fast neu-
trons favour the reverse case. Thus fast neutron irradiation has essentially no order in
effect, and increasing the ratio of fast to to slw flux decreases irradiation ordering.

If the irradiation is carried out at low temperature (—150 C) under condition such
that vacancies and interstitials are produced (electron, proton or gamme-ray irradiation) es-
sentially no ordering ozcurs because the defects introduced have very thus fast neutronw
mobilities at the irradiation temperature. Subsequent annealing increases mobility and or-
dering results. When irradiation is carried out at low temperatuers under conditions such
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that displacement spikes as well as vacancies nd interstitials are produced no ordering
occurs either as a result of irradiation or on subsequent annealing. In former case it is
postulatad that vacancies are more mobile than interstitials and thus are able to effect more
ordering during annealing before they are finally annihilated by interstitials or other sinks.
In second case a hlgher concéntration of defects makes it possible for vacancies to be
annihilalted in fewer jumps and thus ctntribute less to ordering.

HARDNESS

The hardnass of gamnma quenched uranium molybdenum alloys increase with exposure
to¥a saturation lavel, aftar which no further increment is noted. A maximum incerease
of 90 DPH units occured after an exposure of 8000 MWD/T. .

Fig, 7 shows tae chnge of hardnoas on unclad alloys of uranium 10.5, 12, and
13. 5 wt2% molubde*lun trradiated in tae gamma phase coadition.

Uu1rrad1ated gamma quenched uranium melybdenum alloys remain almost constant
in hardness at anneahng temperature as high as 300 C. At 400 C annealing temperat-
ure alloys increase markedly in hardness, indicative of prempltatlon and of phase trans—
formation to the alpha—plus delta phases- This is shown Fig. 8.

Therefore consideration must be given to the possibility that the radiation 1nduced .
hardness increase may be attributed to slight transformation. s

However,"below the irradiation temperature oZ 400C the alloys show a large hardness
increase at the exposure to the lowest neutron flux. In such a case, phase transformation
does not appear to be significant.

More likely, the introduction of vacancies and intersitials due to neutron bombardment‘
and ﬁ:smn fragment damage cause strains within the metal iattice and a consequent har-
dness increase. ‘ ) .

Besides of this various interpretation of hardemng phenonena during 1rrad1at10n was
attempted. The facts that hardening can be produced at very low temperature and that it
persists to co: nparatwely high temperatures have been used .to argue that the hardening is
caused, not by vacancies and interstitials, but by other types of imperfections (e.g. disl-
ocation rings) formed in displacement spikes. »

The hardness changes o gamma phase’ uranium—molybdenum alloys are very appreci-
able. However, the gamma phase alloys show less change in hardness upon irradiation
than does alpha uranium, perbaps because OL the less closely packed structnre of the bo-
dycentered cubic gamma lattice and hence, its ability to accomodate “foreign atoms with
less lattice strain. . : N

CORROSION

Radiation eifect on the corrosion rate of gamma, quenched uranium-molybdenum alloya
are reported by M.L. Bleiberg et al. Radiation induced no ‘significant changes in the cor—
rosion rates ot clad and unclad gamma quenched uranium- molybdenum alloys in 650 F
static water. However, radiation accelerate the failure time of unclad alloys; samples of
12wt% Mo irradiated to maximum exposure of 200 MWD,/ T disintegrated in 650 F water-

— 43—



00}

l@o;zufn

g U-38%0 Si
A

== U-38% Sl

@ \l,@nf\.v'.‘.!.lc _wmQ;gI

.“\-@

\\.\\..\J@

M,_ Il

8

- LEGEND .

e 5:.!.0 U- .00 _@o
————@ - U2 Y
i = U-[35 Yo
sunEansw U-10 Yo
—————A-U-38 %
- A= Y-38 o
x - URANIUM

a

Mo
Mo.
Mo
Nb.
Si.
Si.

~ | _ L Ll

cr 12. t\o Mo.

U-105 Wo Mo. 'n >

atlub
- c— ml

- — a—— lq
!.Illﬂ.l\l.lllv

\ A

.” A

i
(Ist Ex 3
(2nd £xp)

o

1000

2000

Fig.

3000

4000

EXPOSURE

5000 - 6000 7000

{MWD/ T)

7 Hardness of Uranium and Uranium Alloys vs. Exposure

Lo

8000 9000

£



(UPH UNIID

HARUNESS

500

4 00

Q

300

ANNEALING TIME -6 WEEKS

. U-10:5- Yo Mo

[ |

200
0

b o e o e b
100 200 300 400 500
ANNEALING TEMPERATURE (%)

— g5



in 1 to 7 days,{as compared with 66 days for unirradiated control samples.

Radiation even to low burn-ups increase hardness markedly, and also decrease ducti-
lity considerably, as mentioned. Thus, it is reasonable to expect that cracking will occur
at lower stresses after radiation.

The corrosion mechanism of uranium. base gamma phase alloy in high temperature
water was studied by I. Cohen et al. Corrosion rates of gamma phase alloys are determ-
ined primarily by the oxidation of the alloy by water. At least part of the hydrogen rel-
ease from corrosion d}ssolvles in the base metal and eventually precipitates as a metastable
hydride. The precipidated hydride hardens and embrittles the matrix and is corroded prefe-
rentially, thus leading to discontineous failue. ‘

The cladding of gamma phase uranium with zirconium alloys reduce;s the amount ot
hydrogen which-would be absorbed in the core ot corroding fuel element. Theoretical life

. of such a fuel element should be in excess of four years before corrosion {ailue ocecurs.
Other tactors which would contribute to longer corrosion life are decrease of the general
- corrosion rate, increase of the hydrogen solubility, increase of the deffusion rate in the
gamma phase core, and maintenance of a thin metallurgical core- cladding bond.

However, other workers at Bettis are accumulating evidence which indicates that hy-
drogen is not essential in discontineous failues of uranium-9 wt?; molybdenum in high
temperature water corrosion. Discontineous failues have been observed with the above alloy
during exposure in oxygen at 680F. Calculations indicate that stresses resulting from =z
mismatich between the metal and a coherent oxide film are sufficient induce cracking in
the specimens. Thus it is believed that all that is needed for discontineous failue in
water corrosion is an adherent reaction product of suitable mechanical properties.

Three major types of failue were observed to occur in intentionally defected fuel
elements. ,

1. Pimpling of the cladding at the defedt site as a result of localized buil-up of oxide
at the base of defect. This type of failue usually occurs at high temperatures, in 680F
water or 750F, and is associated with relatively high corrosion rates of the fuel at
these temperatures but usually with a long corrosion life. \

2. Discontineous cracking of the core alloy, with subsequent rapid corrosion of . the
fuel and rupture of the cladding. This type of failue is associated with the production of
nascent hydrogen during corrosion of the exposed fuel, absorption hydrogen by the core

" alloy, anhd the precipitation of as a getter of hydrogen, and, consequently, clad samples
exhibit longer lives than bare samples failing in this manner, although a good claddmg-
to-core bond is required.

. Formation of corrodible core-cladding inter-diffusion layers. Such layers are not -
.observed dlrectiy after extrusion. However, if the extruded fuel element is sub]ected to
high temperature heat treatment, they will form and lead to rapid fallue

CONCLUSION

- With respect to dimensional stability and corrosion resistance upon radiation, gamma.
phase uranium-molybdenum alloys, from the foregoing review, may show considerable:
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promise for application in water-cooled reactors.

However, the effects of irradiation on many important propertles are not yet known.
We may expect the further more research on the effects of irradiation on this metastable
gamma phase alloys of uranium-molybdenum.

APPENDIX
ORIGINS_OF RADIATION qAMAGE , R

Radiation damage of solid in a reactor may arise in three ways:
1. Through the interaction of the fission fragments with atoms of the parent fuel

N

lattice. o ‘

2. Through the elastic coilision of a neutron vﬁ'th atoms of a lattice.

3. Ioniztion effects due to the paésage of charged particle through the lattice. This
sidered to be significant in the case of metals.

A number of different kinds of lattice damage résulting from the above reactions have
been proposed. These are enumerated below together with the consequence which may
be expected. ‘

VACANCIES: The colllsmn of an energetlc partlcle, fission fragment, or a previo-
i1sly ‘displaced atom having safficient energy to disp'ace an atom from its lattice site may
result in a vacancy. Vacaneies thus produced are in excess of the number norm>a11y pre-

sent in thermodynamic equilibrium with the lattice and provide means«for increased
atomic mobility.

INTERSTITIALS: An atom displaced from its lattice site may come to rest in an
interstitial position. Interstitials may also provide for increased atomic mobil'ity before
being recombined with a vacancy -

REPLACEMENTS' Under certain conditons an energet1c atom may c0111de with a
lattice atom in such a way as to displace the lattice atoms and remain in the site. Repla-
cements tend to level concentration gradients in alloys and to destroy order.

THERMAL SPIKES: The array of vacancies and interstitials left surrounding ‘the
path of a knocked-on atom or fission fragment is termed a short times. The vacancies
and interstitials produced enhance atomic mobility, while the high-temperature region
may give rise to effects described below underdisplacement spikes but to a lesser degree:

DISPLACEMENT SPIKES: Wheu a knocked-on atom or fission fragment loses suff-
icient energy that the path between displacement collisions becomes of the order of an
interatomic distance, its remaining entrgy is dissipated by the formation and collapse of -
a large multiple vacancy. A high tempereture (in excess of the melting point) is reached
and very extensive mixing of the atoms in the spike is believed to occur. Hence conce-
ntration gradients should be flattened. On cooling the spiked region may take on the
structure of the surrounding lattice. If it occurs on a phase boundary, it may assume
the structure of either of the phases, and may thus promote phase transformation. _

IMPURITY ATOMS: Fission fragments, transmuted atoms, as well asresidual alpha
particles, protons, and deutrons, constitute foreign atoms in the lattice. These have .
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effects normally associated with impurity atoms. In'most- cases desctibed here-in these
effécts are quite small: relativé to-other forms of damage:

In most ‘case) theése: dashages ‘do net:occut seperate: in the materials during irrad-
iation, but simultaneously. Therefore, radiation damage is not perfectly understood at
present and also our knowledge of basic mechanism is not at present adequate '
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iz sk o KR
wEe AEERS BABKEY #Hiz R4
WA -0 kiel  S@aa 949
o EBEA BE e AEES R
o lrEEYd vieAd HREE 2l &
Heatel 2t 25%9 LRE&E READ A
otk EES TR TAT BED 2
¢ den dx HE EEE BE FE
REoz WiEel Ml Eemis.

Bl A4 EEe Shme wEd &
RS Toksbl HQoH ERsEES
ke = AEEES el EFH 4T
el del e AEAEY MRS K
skl AR HEem (RS 4T

A= $132[E1098 A £ BiF&E Sl @
T EEslgon olgANA AAA TH
o EEDTFEA  AES el EHS A
E#] == depreciation taxe] %3 HE-E WE
sho] EIBHE BRuel® kel 7 9ol =lCertificates
of Necessitylzl: RAIES BT FETS
24 CBWEE Py %B: LEMRES
LEAgtE ABAL ¥R LERR %
He SNTREe BIAkBrhdl AEEES
12,000,000%50E  #&/m4 ArF. 12,000,000E ] =
W Y AR 0% BEsed ol
& FE-— PR EEAAE SEHS
BhE G4 ABTES MRS BRI 2
o9k A o] T

Ml EMES BEHE aAY HEIA
mEMEE Bt HX A g5
1950/ 7o SR E 1952FK7HA #AES

L —7 8 —



90,000,000&4] 4] 98,000,000 0.2 #KiEs=
e BmEdEY RS RRIEEY w5

47l #FEAA BiEgHC] Himsled 1953—19544F

AA = 105,000,000 FjiEsls] = 5o Q).
Certificates of NecessityZE{T#(2] 44%7¢ 3EE]
IR AFATGeRS BHie o
°le}. ik 19564E9] EE(S MEMEESE
10,4008 Metric Ton
RS AEES S 2,3008 Metric Ton

§4. #

EbalE Emgel Shesk 2. =
kS NS AR o E
T fEel EFEAA ol XAEA B
= HES LY REREagled  HRES mE
=gy HBIES g, BEER EE,
KE=SS ML Fel flste]  [RiEs Q.
EHel Y ARS HRsHAIRALS —E
FERS sl ERMA gERgT. 2Eu 7
Auhe FEHRCl BESE KREE o
7be JFERel vl Superiorifhie] BAd £
Edhir S8R Es  Alleghanny|lJES] S
o HAMEH: KAEEL Kl frshd #

f

BFEEE EREEA

e ema FAMEEY ST SEhale
fERE Vel _

e FES e Ehd XASA Xk
THe)  #k3t CKE&EFEC FEel Az ed,
°] iii{ﬁﬂ A AR B 5
PEEES] AHEESN  The FHEe [HEel S
EfbE dom ol =3 EHAEY HAL #HT
sle]  KEES eSS wHE e AR
sl skT. e i st BEiH
o] [EE ARG BRE T b
o gHE-E AT WENSS REL 23
Fe—slelger. e EEEY BEe enthd
e ®EE ME®YS.
spAt e m 7] AL EETHES KIsHs
o ftel i RAelw TS m&ar
o el ABR e R WiEst
gy b BRIEEEE ERPTe] i BUHE 9R
BB = #EL sglus QAo
From part 1 of the Report ot a productivity

Team

1l

representing the British Iron and Sfeel
Industry
<&EE KRELE>
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CQ DX de HLIOTA

“CQ D CQ DX, CQ CQ, CQ DX, LU-
7BO, LU7BO is calling CQ DX from Buenos
Aires, Argenting------- ?

izl Aoz io}_q_tﬂ o w29
Yelelx Fr]Ale o] =422 ON-o
= shm RiEHS] Thelgd Tl'HH] =92
o ol#®Al whelgg Iwial EHawl g
2] Condx (Condition®] )& BH7¢} A zFgk
THerzz Condxe] Fowl Z ¢ &#fE
el 249x15 ONeo=sla RfEHEI s

B Tl EE R PAgeRelT. ok
<= FEFBME Condxe] F-2wefelvh. &3
WA MEAAAE Avda gx =
LU7BOx= fn#isl CQ DKE Y ==y

“onnenn LU7BO is calling CQ and standing by
ome one please | 7 stm Selzb W elt:

#HE BREREHE 14. 190KC. 28
28 BEKs KEHEIz 14, 190KCY
JKekel @rk 2 Avde  FAzRE *

Eoll 24 T4. 150KCe]
4KC 7AA +HFL£Al geovrt 6KCe A
FHEe AT o= EF5 R '

“Hello LU7BO LU7BO This is HLOTA HL9
TA Happy Love Tango Ardentma, HIOTA
in Korea is calling you-----

A% F4m AES AE, Aol
5m¢] GMCHe4 ==z e EF Whipst

KEsR & 14. 18

x°]el

dv5 FJHE Ground planefl  <ks]r)e] 4]
B 30WA =8 EHoF dE ke k¥

fijel  ArgentinaztAd] SAAVY7w 3ol El

BolE=A v, Argentinad HiEkS] ERY
Fq717F AgdH Avle dEelm AFe
Ad B5AAYA AZEe MAH 5AFA T o
AT = FAHAs] deld mofelrt HEF)

BEE 24k wiElem B HER

]

B

el AL EHZ QSO (ZfFelzhe %9

BEFD S AT W= QRMEERE) o] 1h
QRN (&) ] 2o H7}Ai T/ D= #RGE=
“‘1_:"_/?‘ I’ )ovlﬁ' 19’}' ; '-9’]' J) M—'ﬂl—, N'G'E 132"

& R a9 ==

i
o #fEN 4= phonetic
Codezh=3-8 #5714

A= America, Ada

=3

m Argentina’%% i—%z}%} L R
52 4u9-. ue}4 Happy Love Nine Tango
Argentina= HIL9TAE phonetic Codez v} -
el AelA  obF X adh. sl Call Si-
gng o 2Agew AR ¢k £ 4
°]R-& FFskd ¥k phonetic Co-
q/e—s— 22X AT7F 2. sbe . SAIKCAF Ju-
st Attempt One Kissing Chance, Florida?] /|
Zotubso] W4KMMot 7h25 W4 Kiss Me
Madly-- °]#A AEE T4z ). hihi
(hi= 7:—\—;_1.31 s wEhiE EERE BE
& “srel™)

Standing by'= &F°] Bva RfF o=
AY-= FE ok el frdEgThaslty
o] wfgrhele WFel ZER dekslmz
TR w2 2ETT. BRESD FEkE
b ckslel RMEZR AR FTEe o
el A EHET: vkt qEe]  BiErhel
EREE HE EEEe M4 FEEE A
Aol d- 971w 2ol ek hihi 775k obulfel B %
VODASel= A% e FAREES =
AZ g Avk SSBEHY EEQSOH A4k
o] zeolm wY-Feo] K@i

“--LU7BO London Union Seven Baker Oce-
an LU7BO Here is Korea, HL9TA is calling -
you apd standing by come in please”

# 307k LU7BOE  Yza BEd A4
ZfEes k94 LUBOS f5is ot
£ -

A
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“H9TA HL9TA Happy Love Nine Tango
Argentina, This is LU7BO LU7Baker Onta-
rio returning. Thank you very much for y-
ur call. Your signal is coming here.Readab-
ility 5 Signal strength 9 R5 S9.Here handl-
e is Alberto Adam London Boston Easy Rao
dio Texas Otto. A-L-B-E-R-T-O Alberto is
my name. How do you Copy my Signal ? H-
L9TA LU7BO standing by”

2 LU7BOY Mr. Albertod] WIS &
e A 23AE 5%2'5]-‘5% s e
ool m HIERS] WEel kXAl ot

" R5 89019 Condx-& =u}. RT; fRiEEE. 4
“}ﬂ- Z % ]-5—"*-’?‘* A% ez P
]—F—} WEd-E oha RlI(&
el A R5(5ERS] ¢etEd
FAT) 7HA 5&5%5 vxel RfFelv R
&9 HESL dvhv A=vkE
~aL Sy EY
Axe 5 FiAN4 S9(Eims) MBI 7
P7AA S 9kBEE A eA el R5 S9¢)
= Condg-& HETk. S/t 44 5&F 9% QS-
OFE) e FFdAL Rel 3Tz 944
W fE EMI IE AT R3:= ‘A
et dolELTIdE =Rl R2w “wi+
AU+ R2e A= &
fE Rl _ _
HILOTA: Sl }belel]l 4] $-z2]1he} Apekel A
FarE M3t ohbFeliERFeE  RHEEA
mE kool R Y 2 FATE
ub station(BlgER) el  EE|ANA = 57 7F
FAE QA 194 EEBeR fihvied
= otg AACIA FAE olulaolfEkFel
grk. 222 e 1048 otubselEel

o|HI9TA=S i@sld sHEI=le] QSOE Z71a
At '
Ze ehebaeldEsRel % shAY AL

Wkl 4 AARALD MEEWE HkE 2

q Al EEERYH SREEL AWK
& AR Shbad WEEELEFEL 0
el v EERYE EET obuhaclER

BHETE @ £H EAMoR AR &

e ZEWE REstz AR 33

FReR o]
MREZ Si(AS HEE BER

42 Cl--

I

o #2585 fEfEskE BHE ohubdelEat
P e BEEE HBs @Edst #&
e wHskm HRE E/e shie BE
Aela fHSRANel  ERERAL A olvk. o] &} o] o}
shi el RS SRR 2d 99 &

A3 AR ERE AT ERR DR &
BE Seel FlRel ddAr 4dz K
Bk bomE  ohuldol MEGSel h  JREFIEe]

= fAARNS = m""i‘n& fiigel
o1 FFAIE-E F7b fieke @oilgs 2E 2
BAmAIISEE ek B Y ®%R” (Am-
ateur Service: A service of sel{ training, i-
ntercommunication and technical investicati_

Bkt el IEE

ons carried on by amateurs, that is, by duly
authorized persons interested in radio techn-
1que soly with a personal aim and without p-
ecuniary interest.)eo] gl Holglow iE(E
WAEE “Eigel R BaytEe anl &
FEAALL LB AREFEEE FHLLS
REI R s EAMMEES 374
BIREla =R ol

sbubiels EE R WECt WEkE
ERETaT QSO CQY QSLelY sl ¢k
200718 RO gAE ol RS mFUE B
N A ik F|EFEA A3 Bk oF
U CQ= Come Quicklyes] mjE-o
L I B AFE Feleam —RFH
frgfelarsts | “RTEA FoYstk olAL E
LA AN FAAL. ob¥stasE A
fastast Fyw’e %ol DX Distance
9 meE EIEEES Xel¢ #twi4] CQ DX
S o B R S B S R S
L e R BT o R i S A R i - R e i
x5 QSO%s-= ofu}izol  dIEfR
w-Eo]tk, hihi o] 8}e]  olubi
e CQE We £AAAE Tk A
A7lsHA 2R A wEAR kKl el R
Aty el FUEUE BHEMG] ¥
o] ol CQE v}

“Hello LU7BO This is HL9TA. OK Alber-
to. Good morning and thank you very much
for your retﬁrning. Your signal is R5S9. Very .
clear and very strong. My handle is Cho

Tl

Aol =%



C Canada ‘H Hawaii O Ontario C-H-O Cho
is my name. It is very cold here in Korea.
And I Just returned {rom school.I am a st-
udent of the Seoul National University and
study the electrical engineering:----- ?

A7 AdHdATL AF olFeYs gl
A= Gqod morningo]w #H%f7L SpainE=
BFERss vzt EEe A, 994
A7IAE F AEHE AIFAT 23¥E o
sheldl QSOslE ERR #EA ez

Foeler. Bl ftile AF7AA Rsm 2
EelgtE o FEEEAIA S2EE 2
71 Ved QRM@EME)l delvd Rel 21

3oz HolA=RAE unFolvt. wel4 EEdt
RN B A7g EFgel &
SFEES EEMWESE RABRoz FHIz
HEEBRE [EpEs] #Estade. o=4 ofF
shel el obubareid] =e] Aol Az
o]RAe] XML EE WwE AWE A
o5 2oz guA et

Handle®~ namez} 72 Wz FHEJ=
7bk3t o] 5] we] 2o Edward:e Ed,
Robert= Bob%e] Handlex 29]lt}.

o] & A s+e] RS2} Handlee] =3tdw -
G EREXRMED B, SN B
a2zl Rkl AFAHa el k HERR
2 ekl vk, KB KEES gel &g
o] fEwdt.

olgA LU7BOst i3 FEHRE  rtdH
27 ’ ‘

“HL9TA, LU7BO Brake Brake VK4 ? Over”

b= &7 RISl A Edrh

© VKul  Australia. 558 call sign®]
+ A =e FARE &R A4stnyd
= H5es FRste=m Call Signgk Eodl

olitel MREEAA F Gyt B
E ¥4 HLz AFH:=R2 2T Korea,
W4 K= U. S. A., LU= Argentina, JA
;r‘} Japan, VK= Australia®: ‘
Brake: 7Zifghel 2RNA gz ol Eo1 7
a4 g LU7BOs} HL9TA2} QSO
& =3z AE 4% Azdel Australiad]

o ofrlielst Brake®: Awld] A

i g

B

l

X
i
1
ft

Brake= A% QSOE #i%sld A &
71908k Az BfEdex VK4?9 29
e EEF Q99 v Faed gy
271415ke] LU7BO7E standing bystz (5
% BHEREL V98 QRZ(GRA UE R
Uz )& A4

“OK LU7BO This is HL9TA. Hello Albe-
rto. now VK4 station is braking to us please
QRX ! ! and QRZ? QRZ? QRZ? Thisis
HI9TA over” ,

QRXE 7vrelels #EEFRE. overs sta-
nding bys} Z-&Ekrl. ]QRE] %s}ed

“Hello HL9TA and LU7BO. This is VK4-
RQ Victor King Number Four Romio Queen
VK4RQ calling you and standing by”

VK4RQz=}= Mr. Chas. o]v] ZEFelt- EifE
A it 2 2ers= Brisbaned] & o}
ulF-ol k.

“OK VK4RQ VK4 Romio Quebec. HI9TA
returning. Thank you for your brake, Chas
! Your signal is R5 S81n Korea. Now,
Alberto, how do you read VK4RQ? LU7BO
go ahead, VK4RQ on the side, HL9TA sta™

nding by” . .
ol@AE" 44 round tablee] = Aol
Az el gl A EEswAg BT 2 v

olEX ¥ A= ThEAEY f&std LU
7BO+= Eg3E, VK4RQE KM, HLOTA: HE
] R elrl o]shzFe]  olulie] EolA
deAAEe fEEE Bl A EH&el 2%
Az A vErk EEY AENE @
uld- Ax, HA, Okinawa A E& o2 &
ske] 24iERg 295 skv=l “Hello Bob” "He-
llo Masa” #-=R-& o4 2IMC & 4 6k
Mo Rl EREE ] 22 F 2 2% Round T-
ablee] Z4 3 $EAE aHA JdE =FE
ohd A elxl 2 (KESHL = DX2l QSOs#:
olubiol £ lonfgell fsle] fBEMAYL FHEL
s wirt lonEe BTEEE AAL F2E
B EolAE Aol obupiel oAl W
el webq ehubiel B& 1144 Assts
KGR (REe E@s] =ik 294 &
& i 10W 20W A =8 EKEHeEE T

o e



DX Hunting$ 3tz = Aoltt.
olel & o] ML) HAFIE WA YA AT A
A, F2 st EiREGF Bl 716 &
e A £H AR ANA AL HEste A
o] ol AJA HQm olEe] 43 A=
TS st &Z{Fel BALs A 371¢] o] ofup
Fo] fE#%: (Amateur Radio, % Ham Radio)
ol #AMERA ok Ll 1Ee] B AR |
Az = — EREY #Bx A Fohs A
]3] o 7o) JRIEe ek MEESE BEsA 4
vk, el A EEC AR 1912406 = e iR
ME EHES Afista obvkaelis 200m DU

o s e 2R L Bk wgek. A

= “DX@E"ska o+ “@p’e] Bael &+ A
g oo Bug v AR DXiafsel &
LR BERGALE G PgAt EHipe MK
28 gz e BES BWEIE 29
dadACT A4 EHFEE FAL FEH
obuliol B2 ARRL(SEE obeho MEXRIED) 2
femstn MAEERE Q" MaximKE i
= GREAE 1AA &&F ddoh '

2EE A ERERAE RER ZERES
Fol dgotulbiel 54 Europee s 34 =%
Bl otul o1 52 BEE AA s —F Bl 4
T DXz DX= 2H& 7159y 243 1923
Gl =vie] EES s 110me 4] 44
Az A4 B A3k o308 FEREe #
475 DXl FFlslehe 288 WA $&
Qark. olAe] BRi geAA =ve] lonfF
2 FES SRS FEL dHila vEd 8
Aok e MEEERN el EHA H4e

Y oA 2.=2A olntio B Hiad HIME

& FEF BN ERLA I

obwul o] jEEL olsbEol fmmkel AL
AF=, IGYd e 74, VHF(@EER) M4,
S el A8 JEREEY FES slod4y
| B S L] 3 AFmdT IGY
M ATHES BRENNA 2dF olnbi
B8] FoFe FEelA tele] KxEur

T4 ATHES BEE =%, 1% KE &

fEiBE @3t 1IGYAH W= dx, VHF)
A% 50MCel A JA(Japgn) ¢} PY (Brazil) -2 &
fEhe =4 VHF QSO i fiskd F39e+4d

g, A okl v A= A=
144MC 220MC 450MC 414 o] 3= 10000MCLL _F-7}
Ax B #HRe= stagler £35W 10W
2 50MCell 4 JA—VKRIE A8 FHRo Eik
sta gloy g A7k HLKAS] 48MCAslzb Au-
straliasl 4 ZEQFn 24 FEARAL 2544
duge = oheh.

=3 FFEHREANAL oluliole] 2dE 34 .
FES S v Fap2el £HEEEM] AR vt
& 4= AREC (Amateur Radio Emergency C-
orps)7F A & AxE VeEla e
Hesl HAR=RZe] Rl Bt +AE e &
o] FAHE FAAE EV4A F5E AAsm
Qg de A Al ‘

28]} o) mE obebFel B Fiel ) WEHEE
A6 obyel fhgHe s EHKMe 2t T2
ole} &AL olulFo] MEMRSE] Ak HAYL
2 =R “Famel vl ke AR ZfEdee
fEARYSL Bkl TR 4eA o
it AR £H A B ok
o] ERTelEr. b St ehel Ak a3l

EEee EmmE A3 o @ARE W

A ko f-7rolw BE AfiteN A ohnkFel
o] AR UEe o %, LEvA e, wWE
o] EERL = Wikel vt ENELMEH L W
Bid mEueld A% CQ DX Eire Fuv
Az PRl 2Ev SERE EAKSL &
Zrl FAPALE vdo® BIHEhAR
Be olulielsk Bl S whElebA vt
fe fEREe s obubEeld] e nw Al
Foz ofgpulobe] EFSH] T kb Fel
ola FEES FHAKES obEel EBKEM
AWM E. 8. FUARE obubFelels B4
sk, AEE, B, WA, 449 24 1
B whs) pRd S Qe ZEla ol

@ =E Aws dd AAA BiE @
el A EAE Sbrelwkel TATAE
H5HESLA ©] - <

<EBEBR I E B>



4 %)

NN

A_»w. AN s M—% ﬁ o’] Ui A i A Mg A i AN 1 A Tyl A T A ity
s 5

f

TR
E om mE

=@ ma(Ers AE)d e F-—3% BEEREde) [ElEsy A 'EBEN AR
ghe] ol =k H.z==le] (Hunter Gu- 3 REEYE. agrs HEHAAT AR
thrie)el el =T EEEdEd ol 58 fERES R EFIA 2% oun
5 deldbel Wik W (Fmdelr A EE SHRIRIAT TEGIAD HEd B
geolgbm BeAuk)sl SR FHRE Py Bde & 2dA d #REe HReAT
o oaEy Bgelw Fmdlel] FAHEE AMEBAZ sl Rydd A &
(£2ekBATE) e KA 98 BES  GHEE T FeRel g 2R o

5=l
wAFgen A AAaz steldst 0 ALl RZH Rl rEfFEst o

l‘l

=
A 2 (Ronsselot)&5e]  HfEEsEamel B #H ] MR LRBE ,P_j,z_/:-] BiES
Cxe AL gdA gA gr. 28 TR LTe] ¥MRTRALE 24 QA AAmge
8] REFFIE 23 BRM Bkt olzel AolEl. (o] okas 2] EEL) g

stol WAk FGEEESLS] ATl BB R AHT Fes 4
wegale] EE sl EeEmme of  HRITE Sedr s
W B MMl A oe EEAA ¥ FEAA RN AR
TR Rl 1= HFA Eer BE MNA - e #EEAA  dvr. FERE BB
HREE T Ag F—gAel, AR  B% HEE HAMARY, 18 HE 2
kol 2k o To] EIME Eskebk Aol AL AFH EHIA ka EHAES N
o Fedod, WESEEY Eige] ¥ BE2 2eReReln. e HEEE
BIESA Treest gAEvtm ae oldE ML= ﬂ*aoa = el HZEge.
mael oW AT ERe BEFR A = TV HESD ge FES BHAR
2 kel FAdTn fE ek T AE ?Tﬁi-ﬁo.l-“i'@li FFAT. =T 93

azes 2 AREES BEE R B Hlshe ke EFel B
e wladlam AN SN BB B o2 Afel = AR EBFsl]  Aeld
Rt gAelwh. |yatd Fmdde o Ut ESE Eelue [l gdeldw &
AR BE WEshe B OTEREERE @ Wt Qe AT TR Aike w=
fBe] Frha BmEE BEpeda 9. =HE O EES HR dEdelth. MBEta . 84
b otElamdds ARV BESE T ARl MEnd HMas Jd™vE BE

rlo

el EIELUK AREE TAHES #E1e & Jh=Ads 'HE SN WEART L
et B Z-eaE o Leddu = fTENE EkEA fod G3H.d =%
Htfoel AR CEENFES AB(EEnmE B BER B EEEHL ol 11§
24 Alehd)ezd, %21 AME WHES 4 SR AEY #$E 'BEAEE 3L
i =l gheml | Bole BIES SHEPNeA T e MRz 9E ERer. oHE:
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TEERE AR e ST A% (Sl d
7k¢] Sorge)elri. [el®l - EHilkel €
Be ALwelgs T Qo] FEDIGHY %
Ei7bA ez Relrthl. AEBy FRoE

EFEANAL Aol FHED AWS B
fg el EESE JeheAs EEs

Axe] FETRAIT. M gEet A o4
gkl el elAstel Ul A Rggsted
F=AR)] TEAA s AlEsa
3 z222g AT e 9E
FALD AL @A REFA T

rlo\ . rlo

AAZR) 3
= el STl AR EE HEE
BETHR fk AMEES FE, SR T
ook J(shag) REOIG MElRE RO

gy o

OS] T BhfEE Ava gdh. iE
CRod)E AMEZT Shes A= #%

Lo AMTES AR Bisle A
Y. R i AR wHEe=A H
el FfRste A€l ekl ShER BifE
< ESR FET HAE FEA9ASR

ATh. —F A%E T REMLAE B
kEA BHLBEA AT GAwed HE

o= AR e kel MEEHE @
BT AL viE ZEEFEHEEE] X
Betela e Hirdld

el Rk,
R4 =% AMES BHE 4% EHE
29k 8= 3] &ﬁﬁl Fel wAHE O

i BT TR SR ERERe,
7S HhE (Exterior) 2k-3- #skrl ol fH#E- o
A ooz oAl sl A Az
FEE, U ARESTE 94 Eelsl HOs
%o AmBEEE EEsld o=dnk.] AR

FES B JRiEEel ARIAES. 59
Wird TEREA k= Ak olF  kinAtel
Ax BUES] fFfEslel o BES AEs &
FEAYolel  5eZs]l  AMT(Open)d  ERiES] iE

Rt 9714 FEelw FEY #HER
celA BAEYSl NEIEY GBS wEle Ao
Y 2E9a 2% FAE2A BSE ded
Bisle el oh=, 2 HENA 1E
Mehd AE-E FHER el

=k —FErich Przywara“Polarzty” Oxfrd Univ.

At RET. R

BT

cElele e e

Press1935 P32)

Przywarazt f8ffst o] EXER-2 AbsbAkgerh
o - shdel BEEM(REE)S ARES
BE el preel B WE (Bl

el gds Ao},
HIRE(EE AR HAeB2A ARe &

st el MERRAYel = kKl 7
ek -

B EAER Aot AR AREAA4
By Arle AT AE-E oHEE A
el A Maod BRsh B BT
= =Y A FL& AL 74~ﬂ
oleh. ARE-L H(E)olth Az bl mul ek
Zol [EER #E&d TR TFEske A,
g4 R ﬁmmﬂ~a% dAEr}. o]d
HE B BEe fBER BHess

T 2FEY BEFEWNEEAA & #ib
= gogd Helr. (Darcy) Q&L Iz

<= BEERS 2ol ffEE e gl FEe e
ek AMel Ha e ok ohE-
AZAZE dek. AA ARE VU BHez o
B oriFx Ffged U HEY =nE
T HEEEY BYEE= Rer H
Eakel BRG] <l —2-FE e
R FA U= Afelzla she Bl

kool AR M-S U [ERE HIE
s ARIM-e AREEHEEEAA A e
WEET AMTESTE olFd AxRAelT.

Y(E#E)E BHES Aozt vigEs g
ow 2%yl WEd oE ARES JEe]
ARIES BT dv. e o] A
Vst & —Hatn gonz H
o sEReld BEES AR ZRe 4
oz u=rd gz qrldE F& A
ot o

AAdz Afezd v HFEIS. THE
F2A e sy Iz T v ol

B EERLl  KEReI T ,
e AREES [ifed Bk -

g ARS BEES ggeld 18 EEER
Feleh. AR Sk flEdAsr o] 2
2A A HEeAE 2 Al =
A BeHe B
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Fugsel kA ERRTa - EERAT.
Fol #FARE 1WAUE- G fFHES] . ¥
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