ATOMS AND RADIOASTIVITY

Isatope essentials

Different versions of the same
eement are called isotopes.
Their atoms have different
numbers of revtrons in the
nuceus.

For example, Bthivn is &
mavture of bwo sotopes:
Ethiwn-6 fwith 3 protons and
3 neutrons bn the nucleus) and
Rhiumn-7 {with 3 protens and
4 neutrons).

ahrs

I an alom leses {or gains) an
clectron, it becormes an ion.

Discovering radiaoctivity
| Henri Beeguerel discavered
radipactivity, by accident, in
18%6. When he left some
uranism salts next to a
wrapped photagraphic plate,

he faund that the plate had

become ‘fogged', ard realizad
that sorme invisible, penetrating
radiakion must ba coming from

'I:hE uranism

Nuclear radiation (1)

Sume muterials contin atoms with unstable meclel. In tioe, cach unstable
nucleus disintegrares (breaks up). &s it does so, it shoots oul a tny partcke
and, in some cascs, a buest of wave energy 85 well. The particles and waves.
‘rachate” from the nucleus, so they are somitimes called nuclear radiation.
Materials which emit nuclear radianon are known as radinactive materials.
The disintegration of a nuckous is called radioactive decay,

Some of the materials in nuclear power stations are highly radicactive. Bug
nuelear radiation comes from nanaral sources as well, Although it s
convenient to talk about ‘radicactive mareriale’, it i really particular isotopes
ol un element that are radiosctive. Here are some examples:

lonizing radiation

Ions ars charged atoms (or groups of atoms), Awms become ions when they
lese (o gain) elecrons. Muclear radiation can remaove electrons from atoms
in its path, so it has an jonizing effect. Other forms of ionizing eadiation
include ultraviolet and X-rays,

If 2 gas becomes wonized, it will conduct an electric current. In Bving things,
onization can damage or destroy cells (sez the next spread).

Alpha, beta, and gamma radiation

There are three main types of noclear radiaton: alpha particles. beta
particles, and gamma rays. Gamma rays are the most penemating and
alpha particles the least, as showe below:

irwtsible
nudear
madiation

The nature and main properties of the theee types of radistton gre given n
the chart abeve, The diagram on the tght shows how the different types are
affected by o megnetc field, The alphs bem s o foar of positively (+)
charged particles, so it is equivalent to an electric current. [t s deflected ma
direction given by Fleming's left-hand rule — the rule used for working out the
dlirection of the force on & current-carrying wire in a magnertic fisld. The beta
particles are musch lighter than the alphn puricles and bave a negative (-}
charge, so they are deflected more, and in the opposite direction. Being
uncharged, the pamma mys are oot deflected by the feld.

Alpha and bets parricles are also atfected by mn electric field — m other words,
there & a force on them if they pase between oppositely charged plates.

ATOMS AND HADIOACTIVITY
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1 Mame a radiosetive Botope which ocours nanumally in

) can penetrsie a thick sheet of lad

b) carries pogitive charge

living thimgs ) is stopped by skin or thick paper
2 clpha  heta  gomma b has the same properties a: X-rays
Which of these three Types of radiadon ) is nea delbected by an elestric or magnetic field?
a) s a form of electromagretic radiation 3 What is the differernice henwesn the asnms of an satope

thar = radioactive and the atoms of an isMope thal is

€} is made up of ehecmons ot
d) travels st the spesd of light 4 How i an ionized material different fros one that is
) is the most ionizing e fonized

7175 - T and 10,10 bons 8,09, Aemings keft-hand nide 9.0%; isstupes 17,00
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3 : The GM mbe can be connected to the following:

Nuclear radla tI Dn (2) # A ratemeter This gives a reading in Cotnts per second. For example, if
30 plpha partiches were detected by the GM tibe every sccond, the
rtemeter would read 50 counts per second,

® A scaber This counts the o numbser of particles (or burses of gamma
rudlzmion) detected by the b,

& An amplifier and londspeaker "Lhe londspesker makes 8 “click” when
each particle or burst of gamma radiation is detected,

Kadiation dangers

Muclear radiation can damage or destroy living cells, and stop organs in the
1'u:|d:.l' wl:lrl:ing Fll'l:lptll].'. It can ilsu ups=el the chemical instructons i cells ao
that these grow ahnormally and causs cancer. The greater the miensity of the

radiation, and the longer the exposure time, the prester the risk
When the radistion from a madiowctve source ks measured, the reading always

mmcludes any background radistion present. $o an average reading for the
background radiation alone must also be found and subtracted fromy the total

Radinactive gas and dust are especully |1ang1::rm:s because they cun be taken
inm the bady with air, food, or drink. Once abeorbed, they are difficult to
remaone, and their edintion can cause damage in cells deep in the body.
Alpha radmaticn is the most harmful becanse it iz the most highly anizng,

Cloud chamber
MNormally, there is much less risk from radicactive soumees metseds the body This is usefisl for studying alphn particles because it makes their tracks
Sources in nuclear powes stations asd laborateries ane well shielded, and the visiple. The chamber has cold aleohol vapour in the sir inside it. The alpha
intersity of the radistion decreases as you move away from the source. Beta particles make the vapour condense, so vou see a ail of tiny dropleis where
and gameea rays ave potentially the most harmful Secause they can penetrate each particle passes through. At one dme, cloud chambers were widely used
o ieernad crgans. Aliha partices are siopped by the skin, in nuclear resesrch, but they have since been replaced by other devices,

Background radiation

There is & small amount of radiation arcund us all the tme because of
rodoactive materials inche environment. Thas 15 colled bncka,‘munﬂ.
radiation. It mainly comes from natural sources such as sodl, rocks, air,
building materials, food and demk — and even space.

ar with alcahol
vapaurie it

nuciear test fallout
| | nudear power statiors  In some areas, over a half of the background radiation comes from
nudear waste radicactive raden gas {radon-223}) ceeping out of rocks — especially some
Sl wpes of granite. In high sk areas, houses may need sxra underfloor
& \Where hackground radiation venlibation W stop the gas collecting or, )deally, 2 sealed Goor w sogp i

comes from (average proportecns).  entering in the firse place.

Geiger-Miller (GM) tube

This tan be used m detect nlphn. betn, and gamrmn mdiation. Te strochiee @
shram helose The ‘window’ at the end is thin enough for alpha particles o
pass through. If an alpha particle enters the mbe, it ionizes the gas inside.

| Tracks of alpha particles in a doud chamber. The colours are false
tracks ooling L aind Pave been added o the picture, The green and yellyer linss

This sets off a high valtage spark aceoss the gag and a pulse of current in Cloud chamber ”Edum d:hahira:k:.. The red line: is the track of a nitragen :|'_-.
iy i . : i
the circuit. A beta particle or burst of gamma radiation has the same cffcer rucleus that has been hit by an alpha partide ;
Ceigar-Filier fubs "‘@
— LR e (PR R 1 What, on average, 18 the higgest single source of rloactie lead C fube

a) from radioactive sources outside the body

hackground radiadon? o uock
2 Raddon gas seeps aui of rocks underground, Why is i |
imporiant W swop radon collecting in houses? 4 .
3 Which is the mos dangerous tvpe of radiston
r'-"-

b) from radiveciive materials absorbad by the body?

| 1
4 [ the experinwent on the right I enurt rate {aunragel counts par second |
m) What i the counr rate due 1o background radasion? Wil HS6 diines i
iy . place bl
A& This nudear laboratory worker is b} What iz the court rate duee 1o the source alone? I with the source and blods in 1
bt o use & GM tube and ; i i i : 2 1 place 8
4 ¢} If the source emits coe fype of radinton enky, whart |
L

.. with the source and blodk remesved 2

— d

vt 2ol e tvpe is 17 Give a segdon for your answer.
radinactive dust on her clothing.

Be T T ———
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WAVE—PARTICLE DUALITY

Thomas Young used the double-slit interterence pattern to measure th
wavelengrh of lghs for the ficst me, However, the photoelectric eHecg
coubd not be explained by wave theory, and weeded Binsteins photon
hypothesis, a particle theory: So what is liglt? It cannt be jusr a sie
of particles ard vet it cannot be m continaous wave sither, This dilens
is sometimes described as wave-particle duality, and is not resiricied
light, D Broglie predicied that matter also suffess from it This was
confirmed by electren diffraction and, maore recently, by the diffra
and nterference of whole aioms,

Wave-particle duality nieans (hat neither the particle nor dae wave
model can be vsed consistently L eaplain everything thar lght or mared
does. The best model we have (2 that of guantum mechandes, sn absirag
mathematical theary which does mot beod ftself in any simiple pleimires 4
what ks going on. This becomes obvieas if you try to explain the double
slit interference partern using photon thecry, In che end, most physicists
suttled for the Copenhagen Interpretation, which really abandons AT
hupe af a ‘physical picnre’, I s essentially a way of rebating the reading
obtained on detectors (geiger counters, photogrsphic plates, etc.) te the
mathematical model of quantum theory. Not all physicisis agres with
this interpretation, so its still the subject of many late-nightl argumenis!

Some sort of interpretation

One of Einstein’s most famous savings is, 'God does not play dice’. He
wis referring to the se-called Copenhagen interpretation, with which he
did not agree. Surprisingly though, the central idea of the Copenhagen |
intérpretation, that the waves are linked 1o probability, was first
suggested by Emstein limsedl in a letterin his friend Max Born ar the
time Einstein was trving 1o widerstand how lighr conbd sometimes
behave like a particle and sometinses like a wave. He wondersd whether
the strength of the waves at cach point might be lnked ro the prolzabilit
thit photons arc found there,

This idea was developed by Bom into a prabability model for
wave—particle dualine. Assume that the wavelike aspect of a photon (or
electron) is represented by a wave function, y [ psi). This behaves just liks
a classbeal wave but with o very impoctant difference — i = not divectly
abservable. s daterudy in any sonall volume of space = proportiomal o the
chance that the photon ks there

This provides & sensible way to think about interference without losing
the particle aspecs of radistion. The wave functions interact with the |
apparatus, diffract throagh apertores, and foon interference patteme, but
the intensities of these patterns determine where the photons ane Hiely w
be found, So even if just one photon interacts with doubls siits in Toung's
experiment its wave function forms an interference pattern and the photon
ix maoge likely to hit the screen near a maximum (uigh intensity and
therelore high probability) than pear o minimune.

In the probabiling moded the distribation of photons or dectrons s fesd
hor the waay the swave function inreracts with the apparatus, but we anly
ever derect complets photons or electons. It ks a bit like tossing 2 eoin -
the probabilities of heads or tils are equal at 0.5 cach, but the coin &s
alwaye observed to land (n one or the other state.

Collapse of the wave function

Snmeuung__:mnar. happens when a photon [or ebectron) = detected.
Beluer detectinn the vave function represenis the probability that the
phaton maght be detected at a particular position. Alter detecrion it must
change to represent the new state of affaiys — either the phoron s thers
{probability 1) or not {probsbility 01, This means the wave fimction
changes mernmhere whenever & measurement or observation {s made. This

Fihansed FHYRICE
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o problemsa for physicists, because it implics that a part af the wave
Hon must respond o soenethilng that happens ina particular posiliau
puay with reo time defay for a simal of any kind o reach it This .
sl is veferred to ps the quantum measurement problem or simgly
collapse of the wove funciion.

jantum theory and the fulure

mature of probability involved in quantum theary is deeper 1.h_mn that
balved In tossing a coin. The way the coin lands could (in principhs) be
dicted BF you knew enough about the coin snd the mechanics of the
. This 15 nor the case in guantum theary, If you knew everything there
¢ 1o knonw shoat a photon approaching a double slit, you conld predice
hat would happen to its wave funciion, but net where among the
ovima and minima the photon would end up. In classical physics

8 5cue initial conditions lead to undque cuteosmes — s ks called 2
erministic theery. In quannim rheory the saose inftial conditions can
d to many different outeomes, so the future is ot uniqeely

mtermined by the past. This is another radical change of thinking

rinaglat about by the new theary,

ichridinger's cat

rwin Schrifdinger was responsible for introducing the idea of the wave
inction into phyakcs, but he was so shocked by the implications of
sontum theary that it was claimed he wished he had ever had
pnything o do with it! To show how strenge it is be Iovented a very
brmeue thought experiment. If quanrum theery applics to atoms it eust
o apply 1o cats and people since we are made of atoms. He imagined a

at locked in & box with a capsule of poison and a radiopctive atem. IF
e arom decavs it triggers & detector that smashes the capsule and
oisans the cat. Before the box ks opened there is ne way of relling what

has actually happened.
' 1n the classical wocld the cat is either dead or alive, but in the

| quanmum world the unobserved atom is in 2 sl-ll:l-l:l‘liﬂl'illldnﬂf states
 represented hy wave functions for ‘decay’ and ‘no decay’. if the cat too is

described by a wave function, it is in a superposition of dead and alive
geates, Tt rmby becomes actually dead or alive when we open the box and

E 1ok im. Tt is as if two possible realities co-exist in our universe until an

ot of ehservation coses the wave function to collapse and one or other

| state to become real! Strange though this sounds, it represents the

comventional interpretation of quantum theory weed by maos: physicists,

Alternative interpretations

If you don't like the Copenhagsn interpretation there arc altermatives.

Twe of the most popalar are outlined belonw,

+ The many worlds theory Imagine an experiment has two altemative
cuteomes., Aceording 1o this theory beth eecur, but in parallel
universes, Surprisingly this ides was made info a conskstent minde] of
quanmum theory by Hugh Everett TIT 2nd s particulary popular
among queantum oosmologists,

+ The sum over histories Anather way to explain quantum theory 1s fo
assume that everything that can happen does, bt in u world of
potentizlities. The actaakities (that is, what actually dees happen) are
like weighted averages of all thess possible historics. For example, in
the double-slit experiment, the inteiference pattern can be derived by
superposing all possible rotes the photons could take from the source
to the screen, including the crazy ones (like stopping halfway snd
taking & detour via New Yark). In the end the effects of the crazy cnes
cameel owt, leaving just what cam be expected by mone cotventional
derivations,
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THE QUANTUM ATOM

mndamental’ and harmonics” of alectron waves foem the ground state

nd excited states of the atom.

or Bohr's circular orbits the conditinn for eleciron waves to meinforce
standing warves is simply that their wavelength Bts the circumference

Futherford's modsl of the atom was wsefal, bt had serions deawhacks )

For example, Maxwells theary of clectromagnetism predicts that all .
ucoelerating charges should radiate. Blectios arhiting msclei have s f the orbit a whole number of oees, The principal quantum number » ¥
erniripetal acceleration, so they should radiste. Atoms ought to aollap ecqual to the murnber of complete waves that fit the circumference of nad “(1:.,, L
a fractivn of s sscond as the orbiting slecrons rdinte thelr energy and p orbit, and Bohrs quantum condition becomes et
into the nucleus, On o arger seale this synclirotron radiathen is 2 maj T wzd
prwer losg from circular accelerators, so it sheuld not be disenissed ligh e SN 8 el “f‘._-i’.;.,'“n«"'#-:.rm' . irm-::a'
How then can atoms exist? ' RS (TR s aquials 4 e Brogle wavelangii. On tha

Mdb&:hwsm\mud'ﬂi;p i e i =L Fiahi ia & Mghily axcitad stata (n = T4L
quantizmtion of enery had sobved other prablems in dassical 0] ot
quantized the atom. Ln Rutherford's meq‘mdmmmnrtﬁlm '
cmgyudanyradius,mdwﬂmammmgmmﬂ | T o M aF HM:?T_?‘ o e
enetgies. Bohr added & quantum condition (see bebour bty which meant th my n E ) {
electrons eould only orbit at certain radii and have certain snerples. At khich is Rehrs original condition for the quantization of electron 3§
callapse was prevented becanse there were o allmyved states between thes aular momentum, EE /
wmaﬂiwmhwﬂ,wwmmmn,tm EEE
energy. Bohrs original theary invedved ciroular arbits; Sommerteld e Schridinger atom and beyond Ex

dearos fram natan

fhe piecemeal quantization of physics by Flanck, Einstein, Bohr, and

hers was very successiul, but thers was no real guanium theory that ‘1 m
puld be ppplied to all phenomena. This was supplied by Schrodinger

nd Heisenberg in 1925, Their versions of quantum theoary nsed different

mathematics but were soon shown to be equivalent.

Schridinger’s version is easiest 1o think about, He set about Gncing an

developed the theory to include the mare penerd elliptical orbits.

Quantum jumps
If an atom i= In its ground stale il cannot lose energy, because there ars
no availahle states of lower energy. Howeves, if something collides wit
the atom or if it absorbs 2 photon of sufficient energy, an clectron can.

make o quantum jump to a higher allowed enevgy level, The atom is ! ! : ' ykngers
? i : : gquation for election wave funceions like Maxwell's slectromagnetic e toen. (al Rackal prababifine
;:’:“':;; m“::i ?"‘ﬂ'-lsh it may remain in an excited stale fog pyuations For Hph, and came up with what is nosw callsd the danisimy for W::"mﬁf ofx "!‘P‘?;":J“
Lally 5}, there are now lower allowed energy levels Sehrtidinger squation. He applied it o rhe hydrogen stom. The resuli atonm comaed e Sehrdidinger
5 ol 4 L A Aimensions
s i il :‘ﬂ oﬂ;]mjrm '3'-‘?:“-'1111:3’ make a qu-am:? iumnp hack down into s 2 series of thresdimensional sguations for the way the eleciron aqrmm i i oritat.
. - - does s0, il lnsss an amount o ifE e s Ny o it
P e p i L g s Mlg:l.’g}' aqual :_f Fumction variex with pl.mlm[: HILIIJIII'.J. thee mwcleus, The h:tcrmt\ of el "1:5 mmwh
axcited atam. (i Abscrotion of 2 radiatis thiz i il final states, wave function at any poind (given by its mapnitede squared) is arrsry ‘:IT al i thag Bohr raviess. Higher
Photar cnusas excitanon. ' it b Fﬂh;“*’ﬂ- The photon frequency and wavelength are propartional te the probability that the electron ks in that reghon of anargy orintals am nat spharical
erchore fixed by slze of the energy jump. pitce. The solutions ane & discrete sed of equations for the electron wave
Encrgy levels are babelled by the principal quantum number i which | hunction, each one uniquely defined by three separate guantum
can take any integer vahee from 1 ugwards, TF an electron umps fram numbers, n (correspending to the Bolr theorv), § (e do with orbdral
tee i = 3 state 1o the n - | state it will emit a photon of frequency 7 For fangular momentum), and m (o do with the magnetie offcet of the ovbith, [ —— T |
this quantum jumg The “dectron donds' that are sometimes mentionesd in comnection
AE = E,-E i AL 1 I woul hiw 2ome acress is and 2p
=By th the atom are simply a poor description of the probakhility ol o it g

distribution surrounding the nucleus. In the Schrodinger stom the i R Lt
electron has last its orbit; it could be argwhene, However, the peak of (he p———
probability still ceeresponds wo the radius of the Bohr arbit.

photon energy, bf = AE = E, - E,

AE _E;-E he
from =S8l and 184
W f E-E
* Notice that the larges the energy of the quantun jump, the shorter
wavelength of the radiation emiied, ey
Anoana af a particular element have & charmeteristic structure of
allowed energy levels, so there are only certain energy jumps the
electrons can make This means the photons emitted from stoms should”
hiave céstaim wc_]l-dfﬁnad wavelengths. They do —if a gas of atoma s~
exclied by heating it or passing an clectric curment thauagh i, it emfts & |
charsteristic line spectrum.

Electron waves in atoms

Rutherford treated electrons in atoms lke tiny charged particles. De
Broglies iden of matter waves changed all this and led to 2 simple
pictorial way of understamling why the orbits are quantized. If the
electrons in atoms act e waves, they might behave like the standing
waves that are formed on a string of & musical instrument when it is
plucked. Only certain wavelengths i’ the string and reinforce, others
cancel out. This laads to & 22t of discrete Frequencies giving the
fumdansenial and harmondcs of the instrument, Tt tums cut that the

33a sivinias PHYBICE

sgvanes PHYBICS 33



ahi st T ]

= | meripe - i

An stomic Mne apeetrum, feve the
Balmear Vnes (sec bolowl of tha
Biprlrogan afam,

et ire
e

EEE

BEE RE R

1] i,

: Wi | owir amn a7
il |
He g Hy B Ta

e hyvhrogen speorem. Top: the fea
apanival seriow of fues. Botlvm: tha
daliiar serias of ines in more dedail

lanization (—
Tho tirst fonizatian enargy for
hdrogan is ihe iaimuen enevgy that
MLl B dpplied ta remove an
aliciran from the n =1 leved iground
atatal, The grounc-state Enargy is
-138o¥ and froe slecrrons hava
perailive @oeryry, 8o the first fonizadon
anangy far hydragen is 413,600
Another waoy of looking at ienization
1o say thiv anangy musl be sapBesd 1o
T ther alacrenn fAroem o m 16 0 e,
Thi érsérgy nawded in than (., E).
Sinca the arvrgy approaciies Tem as
A approachss [nfinty this gives tha
EAme result B the argUmEnt abioue

340

ATOMIC SPECTRA
g spectral series

1585 Johann Jakob Balmer, a Swiss school weacher, noticed a simple
athematical link between the Frequencies of lines in the visible part of
hydrogen spectrum,

Atomic line gpectra anse from a process similar io what luppens when
& child jumps down stairs. When the child stands on & particular stafr
she hns a well-deflined energy which is greater than thar at foor bevel
there are a set of discrete energy bevels, one for cack stais (and the child
canngt stand halfway between two stairs), IF she jumps from the 5th
stair fo the dth she 1oses A fxed amount of energy that depends on the
height of ane step. Some of the energy she loses {s giver out as sound as
she thumpe dwn on the bower stair Tf she Jumps two or three stairs in
ame g she mrakes a bigger thump as she lands. To giet back up the stadrs
into higher energy levels she needs an inpur of energy.

Electrons in atoms alss have a discrete set of allowed cnengy levels
and cannot remain in Intermediate states. When an slectron drops to 2
lower level (2 quantum jump) the energy lost is released as @ photon of
eloctromagnetic radiation. The bigger the guantum jump the higher the
energy (and frequency) of the emitted photon, To send it back up into a
higher energy level an energy input 18 required — the atom must shesrb o
photon or gain energy in a calliston. The main difference herween enery
levels in an atom and stairs is that the atomic energy levels ace sol
equally spaced

The hydrogen spectrum

The energy levels in atems are caloulased wsing guantum theory, The
photons emitted from atoms have wavelzngrhs fixed by the rn.érg}'
difference between atomic energy bevels, so the first question to be asked
ot quantum theory wis whether the energy levels it predicted could
expiain atonc spectra. The first atomic spectrum to be teckled was tha
of hydrogen, since hydrogen is the simplest atomm, having just one orbital
edectron. {In fact i is very difficull do apply quantom theory precisely to
any other atom because in all other casss the ouler electrons interact
with inner electrons as well as the nnclens, For this reason, most atoms
are modeled using marhemaclcal approximations,

For hydregen, quantumn theory allows energy bevels:
E 136

where n s the principal quantum number and can be any pasitive integer.

[ Worbed exmria 1 | 2 2

here & i a constanl equal to 3.29 % 10V Hz and = has values 3, 4, & etc,
This formula was derived divecily from experimental values and

ther Balmer nor anyone clsc at the time knew why it worked.
Quantum theory now shows that this series is formed by quantum
fumps from excited states above 12 = 2 as the electrons fall back into the
= 2 level. These energy jumps carrespond to photons in tha visible pan
of the spectrum, which is why the Balmer series was the first serles 1o be
liscovered. Tramsitions to e = 1 bovolve lacger energies amd resalt in
ultraviolet photons (the Lyman series), those to d = 3 or above invebve
smaller energies and resull in infrared photons (Paschen series o s =3,
Prackatt ton = 4, and Plund toon = 5h.

A general fermula for the frequencies of all hydrogen lines can be
derived from the quanmum formuka for the energy levels by caloulating the
ESTIETHY dilference o a dpuanalinm juing Eroms the smith to tlee nth level (w1 >n)
AE = By — By = Rfm

frn = Zm= B
R -
In generzl the mth energy level has 3 value Lin® tmes the ground state
ETETEY,
B=El and E, =5
#* i
i, _§L{_'_ LK
= hlml ot
Ej_ 136x 180010 | sop g
I a.63 x 10r) s
fron = 3284 1015 [J—_ =L
nt omt
[The order inside the bracket changed because of the minus sign. ) The
Balmer series comesponds ton - 2

1

Caleulstn fhe energy of the grounc stete and 157 el wete of the hydrogen At
T : y
&in-2Rov - 360t round sme e
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Pelarke Curie wovd the 1907 Nobal Prize
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radivarctividyd and dfe 1877 Mobe) Prize
o Chamistny (far e dizsovany of te
i TS i e polamiom)
An che sany 13005 & was very oFfficuit
for women io find support for 5 carser
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| Rutherford s bis followens

Mo one did mors 1o explain the
mpeteivy o radfigactin by than Emesd
Hughwrion, a Rew Zealand physics
‘whwo did most of his important sk in
tha LIE. Ha and his. pupiis discoversd
the maiuro af eediasctiveo dooay, e
struciure of the atvr, s the
constiteants of the nudeis, sed sot
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RADH]AE-J'. IVITY I -energy electromagnetic phertons emitted from ._['_T _Dpﬁ'ﬂﬂnrtmiﬂw. |—

Ganms reyd are higl
the miei of some radinactive atoms following an nlbh;:r beaa *’:lfﬁ.'f- PR
These are oot deflected in elersric or magnotic Bields. Thelr properties | sourew is the rumbsr of |

E tical fo those af Tard X-rays. diginsyrations per seand in the
are identi somrs. Tha S unit S suvity |5 the

bacqusral {EqI:

1 bacosaral = 1 JEinBgration
per secand

[ 1B =t =
iy — - 1

[ Batancing squations |

Badicactivity was discovered by accident in 13%6. Antoine Henri
Beoguerel was trying 1o detect X-ray emission from Auorescent sahis
when they alsosb ultravicler Hght. He was inspived oodo this y the
discovery of Xeravs o vear eardier by Wilhelm Rontgen. Becquerel’s
method was simplicity itsell. The salts (uranyl sulphate) were placed i
sunlight next to 2 photographic plate wrapped in thick black paper. If
rays were emitled they should peneiraste the paper and darken the Fle
The Lilms were darkened, and this seemed (0 support his hypothesis, b
then he notived soanething piysterious. Wragped llos bepd ina drawe
nexl o similar salls were abo dakened, even though these aystals |
ot been exposed 1o sunlipht So whatever darkened dhe Bl was oot
cased by Ouomescence — [0 must be an endssion from something in the
crvstal, But what? He canded out further tests and showed that the ne
radiathon came from uraniuem in the salt.

Becquerels discovery was confirmed by the Palish physicis) Marie
Curde, who showed that the activity of uranim salts depended only on
the amoant of uranium they contained snd not at all on the physical
state or chemical composition of the sali. We now understand why this
= radinactive emissions come from the neclei of particular atoms so th

welear transformation .
ntherford and Seddy worked out the rules for radioacti
s conserve two fundamental properties:

we decay. All

charge
ruumber of nucheons.
pha decay is the emdssion of 8 heliu
vy radionctive eberment. :
general equation for alpha decay ?,.Y - ﬂ:zf}' + o
example of alphs decay: A = STh + 1o
ed ] ' twen places

Lot cresaed in alphs decay is that of a new clement
q-TﬁwLm-iginul one in the periodic wlils In the crample above
howium is created from uranium
emisgbon of a fast electron from the nuckcs of &

m muclens from the nucleus of a

The £, & mennion for rascidas kas
iwai suimndad bo DS partizles in
archer to amphaiize the enissration
Iprmva. To be consistest the mass
ruamibiar & ks nowe biscame barysn
wambsr |proms snd nestrons beh
hares A= 1 ard siechss hewe B a )
il tha FlePE UM £ i noe
koo chargs O 60 thal wlsotrana
re wihileh atomic mamibers do not
soohed 2on b recoidad i Ze )
becaues of ihelr smale ouanium of
| noegative charge

eta decay is the
cadippctive element.

4 general equation for beta decay-
v example of beta decay:

0% g + 30
He— 4N+ B

are neot alffectad h:. h’.\r..ding [which concerns the outer electrons) or 2 s N : “TrLi% S LTy + o+
physical conditions (like temperature, pressure, ete.). (Actualty, a more detailssd d.as::n_puu:-::hrinfia decay invebes the emiss ﬂil.l: ; 1.: : ta
Marie Curie made severn! ather important discoveries i this feld. § an pdditionsl particle, an v alpha decay. Tn lpha [ go=1-1

Potice that beta decay is mute comple than Lid
decay ::nw of ihe mucleons ase hurled out of the nucleus, In beta decay

4 rentron inside the nucleus changes Lo 2 probon and the eleclion is
created in the process:

hn— fp + e s
This electron is the beta particle smitied. The nucleus m‘.u_l.ed_m beta decay
is of & new element nne place above the original in the pecodic table.
Camina Tays are emitted when excited puclel make guantum jumps Lo
lonwar mrr;} Jewvels {similar to the photons emitted by quanium jlrl:;'lps of
electpoms in atoms. but of much higher energy). Ofen an alpha or eld
decay benves the new nucleus in an cavited state, =0 EAMIMA-TRY SINEEI00

i Al fzsinn dioes
apanies othes radicactive decays, Gamma-rwy 2
il?;mhf‘hpe or nuivher of particles present in the nudess.
SuHnetimes a.-;u:mad states are represented using an asterisk,
A general equation for gamma emisslon; KT = X+ gy

{yis a photof of garma radiation.

showed that thorium is alss radicactive and noticed that some ores of
umnium, pitchblende and chalcolite, are more active than uranium its
She thowght this most be due o new rmdicactive elemenis inside them
and snion discovered racdivm aned polonium, which sre highly radinactive
Becanse Curie wes unsware that these redistions were dangerous, she
took no safety precautions as she worked with them, and her notchooks
are still too mdiopctive 1o handle even today! She shared the 1503 Nobad
Prize for Physics with her hushand Pierre, and with Becquerel

Some important early discoveries
= There are three types of radioactive emission, called alpha, beta, and
garnrna vadiation. These can be separated by electric or mapnetic felds
Radicactive emissions canse ionization, alpha mdiation being most
stromghy iomizing and gamma mdiation lease strongly innizing.
Innization is the property used to detect and measore radinactivity.
¢ The more strengly iondzing the radioactivity i, the more rapidly it
dissipules its energy when it passes through materials, The mnges for
sitmilar enesyy emissions are in the omder
gamima > beta = alpha
= The activity of a source is independent of physical conditiods and
chemical bonding, depending oaly on the wvpe of atom invehed and
the mumber of these atoms presenr.

+ Bach atom has a nucleus and radinactive decays imoolve nuclear
transformations,

= Alpha particles are helium puclel emitted from the nuclei of some
radioactive atoms, This was shown by stopping the alpha particles
'ir!siﬂnen sembed container whene IJ:u:_\- n_aplumd two elecirons and
hecame belivm atoms. The presence of heliom was shown by finding
its spectral lines in the leght emited when an electrical discharge was
passed threuch the mube.

s Beta pa'rrif.lss are elecrrmns emitied fiom the nocled of some
racinactive atoms (they are created in the decay and are ot related 10
the orhital slectroms in any way), This was shwn by measoring their
deflection in 2 magnetic field and showing they had the same
chargs-to-mass ratio (&) as an electron,

Srauke dedacd (8 SOOI 8 smal
smoun! of amerkaum-24T, oy sipha
amiltér Whan soky (o orher invieilie
proviers of comlnalion) seiar mhe
datactcr (£ redfveas e ninmber of alpbhs
parickes reaching an aiscmanic
datecror This nig@es an afarm.
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—| Decsy eonstant snd probabiliy —

The aquaoilon

B an
ar

can be rearranged to give an
exprosEion jor e decay constant i:
4 _ [-a-.'l
Tho brackesed torm s the fractional
chonge fm W during o 1ima & Thia Is
gl to the chance of decay in thai
timnie, 20 4 15 agual 1o @ orobability o
| devay par wni time in e mit of
shor tima intarsals.

THE DECAY EQUATION

The mathematical analvsis of radicactive decay is based on two simple
ASSUIMPEIONS:
* Dhecay is completely ramdom,
* The rate of decay s directly proportional o the number of m:sl:ahle
macled present, b

—E 1 Mlaths booc: the :luumimﬂ-i-in.
mmwumﬂmu:'mm L waribem elinean s st smgpaalive: bry considaring
tho chang in nurstse of roclsi B in s short tire 56
raly ol changs of number of nucksl = GRsr
Tris 15 prOpertional 1 e fumdie of risin prassns
.Mu--ﬁ'

b

T‘npqnmnfmm Ie csllod the decsy oofatant L
Trﬂ-nmﬁmllun shioras thal N i= deeeassing.

o

| - drehed timna ioaiervl Stix rade mailer and smaller (3¢-+ 90 the squatian bosomes:
I i L]
=i
d¢

mwﬁ;la‘pqmpn sihaows thal the rabe of change cf & is propamionss 1o M itsell. a
fwmnumludmnlﬂuﬂmmrmmum WEERD SOF DN
o ba written 2z
o T &
whars i, s thoognal number of baiable sudel grees o 1ad \

The decay equalicn
The number of mockei ¥ that remain at time 7 from an indal population
of My unstable nuclei is given by
W = Nye

where 4 is the decay constant for the maclide concerned.

The term e can be interpreted as tee faction remaising after taw i
this fraction decays exponentially with & constant half-life, 1y

It is worth podnting out thal this eguation was derived by asasming
that radicactive decays ocour conpletely at rarduen, Thee Gset that the
exponential decsy equation works confinms the idea thar there (s no law
uf nature that determines when a panicular nucleus decays.

The activity of a source
Activity is defined as the number of disinteprations per second raking
place fnside the source, and is measured in becgquerels (Ba).
1 Bq - 1 disintegraton per second
There ks an older unit which is still often used for activity; the curie (Ci),
I Gi= 37 = 1Y disintegrations per second = 3.7 x 109Eq

Scloold sources lave a total sctivily which is typically 5.0008 = 1.9 < 10° Bg,

Activity A {a positive number) is equal to the tumber of decays pes
secoad, = it i simply minus the rate of change of &,

dn
A=— A=AN
& ar

In mest experiments in radioactvity you will measure activity, not &, The
tnct that the activity is proportional 10 N mcans thar it will Bl off
exponentinlly with exactly the same halt-ife as ¥ does. So measoring the

halt-life of the activity is squivalent to measuring the half-lfe of the soame

sdvansed FHYSICE

Half=life and decay constant
The half-life of & nuclide & the time taken bor half of an initially large
number of unstahle nucls o decay

The larger the probability of decay per unit wme, the shorter the half-
life of the nuchide, When ¢ = *} half the nuclel have decayed, so

W=
3

Bur N =Nt 30 el =g
Taking logarithms of both sides,
=L = ll'l% =-In2
Eives
2
i
This is a very useful link.

The number of nuclel remalndng after any particular time cun be
caleulated using the decay equation. 1t can alse be caleulared using the
hialF-lifes if the time ks 8 muldple of the hatt-life, =g n halfbves, then the
number remaining is simply 1/2° of the original oumber

More genevally, s fraction reraining after time 1 is given by 129
{this can be derived from the decay equation)

_i E Wm@ e

Amadcium-T41 m;mumumgwm-hhwnﬂmmum Jf

r.L=

total activlty oF 15 this nasheu? 1o Hew much of this 1§ savprs remake itor 1600y | summary of useful equatians |
n? nz ’
fal 1-?;'.::1 e = 5 '.- Rue of decay %--m
A Mfmmmmt‘wﬁnumlrumm]uwuw‘m nrﬁwm -:' Bty YL jer
ﬂumﬂ“hlﬂhﬂmﬁ I

Ducay wquaiion &= dye
Halt-ife B =—

A-M-mkxiw*r'g_&»w1ﬂ-r; 101 B
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Radioactivity:
1. What is radioactivity?

Prirodzena radioaktivita

Posuncwvacie pravidla:

Premena o Premena ﬂ"

s X ~ta=337 s X -le=2 ¥iv
Premena B: Premena y:

X -Le=%, T+7 $X -y ¥

° e = elektrén f'e = pozitrom, v = neutring U = antineutrio

Zakon radioaktivne] premeny:

N;= pofet nerozpadnutych jadier

Ntzﬁn_e-'ll, A: E:E@
T e

T = poléas rozpadu je &as, za ktory sa rozpadne prave polovica jadier.

Zakon radioaktivne] premeny:
N¢ = potet rozpadnutych jadier

N's= N, At
mN

N, o 1_1nz_rﬁ m .]nz.f
W T Am T

2. Find the type of radioactive decay of the thorium:
w0 Th > aRa >3 > Th > Ra - B/ —
= 3’ Pe—> 3P > W28 - Po 5P Py

3. Find the name of the isotope of an element which is created by four alfa and one beta
decays from ¢ U

4. Substitute the question marks in the equations:
a)e Ra - 5 Rn+?
b) 3 Mn+? = L Fe+in
e) & Bi >30T+
Y -1 Ye
e) P — T+t
5. Find the halftime of the uranium if you its the decay constant is & = 4,33.10year ™.

6. A nuclide has lifetime of 2400 seconds. How many per cent will be decayed in 300
seconds?



7. Number of decays in 1g of radium is 3,7.10"s™. Calculate the halftime of premeny

rddia 33 Ra.

8. What is the Itilrn? the half of the sample of radionuclide decays, if its decay constant is
A=14210"s",

9. Pri uréovani veku pohrebného &lna z hrobky Sesostrita I11. zistili, Ze koneentricia
uhlika v dreve, z ktorého bol &ln urobeny, je priblizne N = 0,645.Njy. Ny je
koncentracia uhlika v siéasnych #ivych organizmov. Urdite vek pohrebného ¢lna ak
poléas rozpadu uhlika je 5730 rokov.

10. V septembri 1991 objavili turisti v tzalsk¥ch Alpach v Rakiisku Fadom mumifikovane
Fudské telo. Uhlikovou metddou sa zistilo, Ze pre nerozpadnuté jadra v jeho tele N a

jadra v tele saéasnych I'udi N plati N = 0,5268N,. Pred kolkymi rokmi tento Elovek
zamrzol, ked' poléas rozpadu uhlika je T = 5730 rokov?



