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It is recommended that you take 20 minutes to complete this assessment.

QUESTION ONE: NUCLEAR DECAY

239 |
Plutonium-239, 01P% is used for the production of nuclear weapons and as a fuel in |

235
some nuclear reactors. The product of its decay is Uranium-235, 92U -

(a)  Write a nuclear equaticsnr% for the decéy. J’ u.J
2 Y wmess a
231 pu > ‘nu + FoC /c,om:.

d~+0mi’c. V\O“‘\-b(ig d

(b)  Name the other particle that was produced as a result of this nuclear decay.
AlfLa ZL\&‘!UW\ V\UG\CU-S lﬂ&lww\ 0w

A / cprl‘ec.',’ Nawme

()  What TWO conservation laws did you use in order to write the equation in (a)

: ;-‘l'o-m'o l"'\"‘-55:‘/ !nuoleovt m)mLcl: s wuser\IQJ aLJr-‘a:’ uuclw Je
ii-".P""lv"‘ “uva;/ :'-Lf-rae-\ s couscrveol Jm.th nuole.ar JCCO-"L |
\ ’
Ocder ud impoctaut. Do ot mf" tadiiate iolier ?/ one eorrwf”‘
e

Radiation badges worn by staff exposed to radioactivity can determine the quantity and |
type of radiation emitted from the source(s) in their environment.
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(d) Describe what the photographlc film will look like when exposed to“increasing %

intensity of radiation. Explain your answer
Whiew pidogapioe. S 5 exposedd do malradion @ mark i3 croshd o -
“r 4 I i JV."
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(e) State the type(s) of radiation causing this exposure at each point labelled in the
diagram. LJ,LJ
A on\ {3 sad X Connsl expoggu-e A'/ ‘I‘Lf‘ee S
]
B au nwld‘o». covsl e_xpogure corre,qu
N

C On\tj Qo CONgR S e;gpo;urﬁ

) !
D Ow‘-u‘ R\Cq\ﬂ Lv\o.rqq\ 25 cousls exposure
- T W ad” [

() Justify each of your answers given for part (e) showing your knowledge about the
properties of each of the three types of radiation.
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Plutonium 239 has a half life of 24,110 years.

(g) If 160 grams is manufactured and stored, show on the graph its decay up to 100,000
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(h)  Label the graph to show when the mass has reduced to 20 grams. (_H‘“h‘:‘s P 4 |

The product, Uranium-235 has a half-life of 700 million years.

(i)  Calculate the time taken to reduce 160 grams of Uranium-235 to 20 grams by decay. !
Moss_chasaes by 508 wih ancl halfife. Larelore stortll
16 o €O 4o "'% Jo 20 .-? /‘/Aru. Lalf Jives ( cech represeting 700

(jw(‘). ﬂuﬂ-ﬁﬂ ‘}'LA. ‘;L'mg_ 1’0 alqu [} 2',100 m:’”c‘;u qw\sl///
: @ Vﬁ-’fJ k)ﬂ"u\nuav\o‘ VGL[

The radiation emitted is strongly ‘ionising’.M/“‘ '

1) What is meant by ‘ionising’? : '

Iom‘cl'nq roalu‘:l‘ou f\x ‘JL& a.Ll')t'L, -J-o MU“QI/‘@U e,/ea}row;
otas ;ér')"‘des T emc.ouw)vs‘ \,. o ;1 A
A/tam o eleclrous bo‘ﬁ added or removes 21
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QUESTION TWO: DEVELOPING MODELS FOR THE ATOM

(a) Atoms can emit electrons (negatively charged particles). Why did this fact lead t
J.J. Thompson proposing, in 1907, that atoms might consist of a positive sphere wit
electrons scatter 7d throughout?

Iﬁ ‘u'ﬂ- ‘\'° v\eu&'l'r&l O\M-A sowme pN‘ + ; 'S a.'L‘V'Q
CL @\M‘L'Ws\ ‘I’Lem “'Lw{ wos‘l’ lac a ;pmspj \:‘q

f,m)-.u

Ff'\; "0-1%\’0»-\ SH'emew)' w}z\ wusew‘} A

CO\AC.IDLQIOV\

(b) Describe THREE observations that Rutherford made from his ‘gold foil’ alpha
scattering experiment.

i l\fen.rlu. au [rd paqules wu{!" S WLJL #\I‘DML '}L-. qo[c{
i Dot 1 in every Bese “P”’LJ“ vere deflected Huro ‘;

a wm‘L rawgl o# M,
ii o’e ‘}L-. gﬂ.‘ﬁ!_o}'adl KPN‘JTJ-@; some o# JA.:L wese
al&qu—‘—}'d alqu{é La.rjv. A-,/"‘wo va\.‘a( oL; .

(c) Based on the THREE observations described in part (b), explain and justify
Rutherford’s THREE main conclusions about the structure of the atom.

inw'l\tl., a." o‘#an aJvm s eu"pliapacz ul'#\ a ve.LrJ fm” vtchu.
lae,cau_r.l— so muj ‘.au-)*d-&; wewi slmgls"' ‘Mmu‘.’q'« uualzﬁ
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NZIP 2009
QUESTION ONE: ATOMIC MODELS

In 1830 John Dalton proposed that every substance was made up of small indivisible |
particles called atoms. He believed there were no objects smaller than the atom. In 1897 |
Thomson performed some experiments on cathode rays which were rays emitted from hot |

metals. These experiments led him to create a new model of the atom.

(a)  Describe,the atomic model proposed by Thomson.
e ot

A‘/ 4¢, /’lmusoh (:;oum ’puJJnJ") maéj’pm’ﬂoxtﬂ, %“/
Wes o ,.o_og;{'u S‘pltere wfl wg}m“vezy CAM(‘;M/ e/eallbu;
e c.; m .LJ :Z aém_ as a a/‘ol wes »feuz:;.

Thomson found that the cathode rays moved in a circular path when they were in a '
magnetic field.

9 i 2w Mag_netic field
0 @ S i
® & 0 © 6
© 06 © 6
sgttr?o?i]; rays ® 0 © @6 @ G
© 0O O © @ ©

(b)  State what this experiment shows about cathode rays, and explain why the

experiment showed this.
A’/ %- ex/l/t'mm# SZIOL.M./ "Kb’l C‘-L/t g; were
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\? . U.IL-'L [N -IL..UMM:L; ﬁolJ : NLU- m"'&n‘u\q '}LQ

b
S f“*u wheely i :J“} of e , ovr hewd rulec
3 Low-o. "LL -&j‘u. olif'-c..cj'u‘ ""fu:a;:al -Ln- oeu.lﬁr. o'f— -IL._

Q
~

“

-

Avectons

Ave

vémén

J
¥ néga

90526 « Demonstrate understanding of atoms and radioactivity « Question and Answer Booklet 2009

ciruler Mo adhiene T He mq mus'}' be “ﬁ"')"‘&._. ﬂ-M

a
+

Assessor's
use only



Assessor's
use only

3

The following diagram shows the experimental set up of Rutherford’s gold foil experiment.
The experiment was performed in a vacuum.

Thin gold foil

Detection screen

/

Alpha source

Metal screen
with narrow slit

(c) Describe the function of the metal screen with the narrow slit and explain how the -
: % metal screen performs this function. :
WA dnchon o e meh! sereen s b have o narrows beau o ool
al'")'fd'“ (a” -’v'auf,”w\,q I ‘l‘. St Jffec"lthB. :
M/ @ 41:‘9 " ML,-‘Q,U-tj Leam.a. a{ch. ,paPJ"J-C‘ a/o uﬂ* ,peugu!mlze
mnu \IU&mcL\ N S 'ﬂd_ unella’ g-b’p{ ajlpLﬁ ipa:-:’"a/e; 4“,4/
‘La afg«'w\j u! Sowe, f»ﬁ"ofts -}LrouJL -
M

(d) Describe the observations that were made when the detection screen was in
position A, B and C.

A: a |ar¢\e. v\umLu ox a")fl“‘ ,oar‘)"c"ﬁc were seew .

B: a s:a“ AUMLU of a,,OL; ,paril\o’tg Jere seeun,

€ & ks Saal vw...Lu'a;e ,o.’,aL:. _pc.rl-‘c]a wWere stén
A/ volid ‘:h«ru_ Poin“t ‘ ; '
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(e)  Explain why the observations showed that the gold atoms have a very small, but
heavy, positive mass inside them.

o e mss 5 Joiiked b o i iaddl boline  Lodiuss |
Abailia sl Ko onLq PN-‘:"e,; St gJ,"qL‘J_ '[anai\
;Jou aeo) _ﬂus’ Sue + Ao aYom s mes MFL, gfa(..g
TL... wass s laaulq/alusa as Sowme par-l-:o'u Loum.gd |
51“"1""" ‘D‘“J( LN:L Soqqg_i -Ll. qul.v.c, was MucL\ Lleavltel‘
‘Hu..v. ) a.\FLu ﬁe:‘k h_ . J,L.__‘ “,
v Plohe pashcles are ggc-)wi as were r:.pa" la
aurggf}lv& nveleves ‘01 e.[u:l-'vsJu)\c rRsg J

A/ one va-\al e,x‘olq“a_l.o,,
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Explain why the experiment had to be carried out in a vacuum.

(e) Explain why the observations showed that the gold atoms have a very small, but
heavy, positive mass inside them.

Workina with small numbers

A radioactive source contains 280ng of a radioisotope. The prefix n means x 10°. Change |

280ng into a mass in kg.

280 nq
J

-9
2%0 = \O q
380 . 10 . 10
-\ J

)
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QUESTION TWO: RADIOACTIVE ISOTOPES USED IN MEDICAL DIAGNOSIS

Technetium- 99m is a radioactive isotope of Technetium that is in an excited state. It is
used to diagnose diseased organs.

Technetium-99m has the symbol 43T ok

(a)  State how many protons and neutrons there are in Technetium -99m

Number of protons 43 7 A/ LO'"’\ CON'&J

Number of neutrons 56 3

(b)  Technetium decays by emitting a gamma ray. Complete the following nuclear
reaction equation showing the decay of technetium — 99m. Show the atomic number

and mass numbers of all decay products.
yp N .‘.\c.‘u.cln.g C.OI‘P¢G+ meaess |

% o : A
ich iy l-l-'$-r‘-:' ox owd odoune mo bes

b5

(c) Justify the mass and atomic numbers of the decay products you stated in part (b).
Include in your answer a description of

e what a gamma ray is
e quantities that are conserved in a nuclear reaction.
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l"\/ G‘M*‘* @?ﬂ L‘w& wo c.L\aqc. So ‘Hn. l»uwg w albe

‘u—'-v« de + cow,aw\ ue.u-st or .oroJohq

! |
so "‘L:,:, hewve uo WAGSS v\m‘uf E;/-@- -7Lm"tb'¢-
n“'ﬂwt“f- vmeu M.d( Masg vwm,n.u ore CmseNeJ  MmuC

I'wf"LOWS so “Ll. \406‘495 (twmmnq S"J"” L‘G-S ‘M\L SCG il

Assessor's
use only

et chewnieal sho FH«a-uJ ,A

v TR SR T AMe

Technetium-99m is created when a radioactive isotope of molybdenum emits a negatively
charged beta particle.

(d)  The following nuclear reaction equation shows the creation of technetium -99m. Fill
in all the boxes showing the atomic and mass numbers.

A/ OJ numL&lT
%MO — iZTC* +%}ﬁ correct
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Technetium-99m is created when a radioactive isotope of molybdenum emits a negatively o
charged beta particle.

(d) The following nuclear reaction equation shows the creation of technetium -99m. Fill
in all the boxes showing the atomic and mass numbers.
Kl 9 *  [O]
Calculate the energy released in beta decay of a nucleus of molybdenum.
Data: molybdenum, 164.2402317 x 107 kg
technetium, 164.2379959 x 10% kg
beta, 0.0009044336595 x 10" kg
speed of light, ¢ = 3.000 x 10% m/s
A 2
i 2] - - wC
mma - m‘& = m‘a +4m E released o
> Am =164 2402317 » 16 P kg - (0-00BIBECIUIxI0 14) x
— 164-233F9997 ,5”,‘“ (2.000x losm/c) |
= —Z?‘ £y -fg.—- f
—  0:000904433L595 x 1O Iy = 1198 . 15°T (4ed)

Am =© .00 13313663%) x 16 ke

In Medical Physics explain why it is necessary for the half-life of radicistopes
injected into pec‘)?e to have a very short time. ;
fe
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The percentage of radioactive molybdenum found in a sample used to generate
Technetium-99m was measured over several days, and the results are shown on the
following graph

Percentage of Molybdenum in the sample

-
o

Percentage of Molybdenum
N w £y (4] (o)} ~ (o] ©
/

/
/
/
N
o
.lz;
-
r~
1]
[
N
=

[
[ 1o

0 - L 4
0 50 100 150 200 250
Time (hours)

(e) Estimate the half life of the radioactive isotope of molybdenum.

A./ 66 hovrg . £ 3L\our'$

(f) A sample of technetium-99m can contain nuclei that have been created by beta
decay at different times. In one sample Nucleus A was created from the decay of
molybdenum 24 hours ago. Nucleus B was created 1 hour ago. Explain which
nucleus is most likely to decay in the following 6 hours.

A/ Both

M/ V\uclef arce W"H |u'L.¢L1 -‘-o Jecaq i ‘w«.n_ v\ex“'
Six Lnoufs' i . 5 3

E/ \/J\ae‘”aer (7N s?uu'ﬂc vwzjew; a[ec.aqr arno‘)' i a
#n‘ao( o.‘,ﬁ '»L'me 1S clu.a. -10 muo’o-:‘] GL‘WCQ and

Mo"' olun. J‘o *L.n. -Lme 'ﬂm"' "Lﬂ. uudevs ‘4«.{ ext?}'eo/"
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Technetium-99m can be attached to a biologically active molecule so it will travel through :
the blood stream. A detector outside the patient's body detects the gamma rays, and uses |
this to form a picture of the flow of blood. Technecium-99m has a half life of 6.0 hours.

(g) Explain why radiologists use technetium-99m to image patient’s blood flow, and not
ruthenium-106 which decays via beta decay with a half life of 372 days. Include in
your explanation a discussion of:

e The half life of technetium-99m and ruthenium-106
e The penetrating ability of the emitted radiation
ionisation stren th of the emitted radiation

A'/ /lLLdf /Pe Jmc. ioma- 9., is sLor"v aud co : 14 szu(’
Gamw\u l‘&“\'; caw p-h—\c.-LTJ! ‘u\ro“qL ")L-. Lalq wiore easa
Han Lela par”"c‘&; b

dewwx m(.f o uo”'ﬂ& |0utswq s LO,’L pa'J"fJCS

M/ b s (Aﬂ@ C-OM‘o)&')"Q ex()lam ' OM oﬁl Sfﬁhf’ﬁcﬂucﬂ. (2] Oh'le _

JW?&"H >

E/ Mev&-xow.; -’-Lm& aw.ol cow\p‘:.l-q. exp‘mLom oI ‘}L‘L . .
s\q«f.m of' ‘;""O : *AME
41, Aéy / ax JuA'cAum ??m Is /qu euouq " orJef -Lr#l faJ oaczme tfoJé,DC
& dncel posinad No Lody audl B T diiiioon & be sble 4o scar -}L_/o }nx}
law.' 1’ 'Y :Lor} enoqu qu‘} ‘L- ﬂd{'w} r-fL c-"// realua 1utCU¢., So J&cﬂ"
#‘Q PAJLGM‘} obtfu‘} ZLH. & LUML, amom‘} gﬂ/&/‘m exMu Za AC
l\“{ a MUCL IOk l\a’i /4 So ‘lﬂ ,oul)u‘)l woujJAl erMJ-fé /ag
amm)y i lehoe. ove® apaw‘oJ #QC‘UT /Vulqw(,'l'ww\. ewuTs 1S
g Wy s oy 5 | SO RY Y 9N %ae
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It is recommended that you take 20 minutes to complete this assessment.

QUESTION ONE: ATOMIC MODELS

(a) Describe the atomic model proposed by J J Thomson in 1904.

10“‘90" ole'g"'“l"eal A a}bm as 'aem-q o c.lou.al \ef°s:1zwe |
cL\cd‘:\;e. wt”« neqa:)we ele.c.me; e-w\Lo_Ja(ggl o ‘

In 1909 Emest Rutherford tested Thomson’s model of the atom. He fired alpha particles
though a very thin gold foil. i

(b)  Describe what an alpha particle is.
gv\ a.lpL\A cu“l\e,\e is o L\Jtuw\ v\uo&uq mall. up oif
2 Pm"cwts QV.J 2 newnNons , , s pOSIJ’NO.l:-\) C.L\&rqesl
Cbe.a:-use. 'Hae. L\e.\w.m a’l'OM wou\ol L\Ow'& ‘OS"— ‘,'uao e’ecvl-ro

'L-D LG—COM¢ G Lel\u\“ nuc.leusv A/ POSI |\le[|.1 CLO-WCJ

N\/ L\eluuw\ nuc\eus

(c) Most of alpha particles passed through the gold foil without any deflection. State
what feature of Rutherford new model of the atom provides an explanation for this
observation.

F;r w\os IPLm par","cle-s e pou;( -JLmqu e qou -fo
w:“«\ou a.w.. ol.f_,‘p,cc)woh uoula( requ-v‘e '}'Ln. a‘llbm -

L.»e IMOS'HM QMI":-\J S'pac.a

A/ e,mp'l':-' sface
- =R

(d) Explain how Rutherford’s experiment shows that atoms have small positively
charged nucleus.

gr “Le_ vwc.le.u.s JD Lo. S‘m“ mos lu\ paﬂl:o/es pa.;;u/ -/[
1&( u.,\oleﬁec}zJ i fca?l' '%a]l' '/ZL Mas{ s couauvl’&.ﬁ/mé as
\fo’.)w.o_ e ‘Hm. nuJew; I:» be post')"'\lt a ‘»Pew a./pAa par-/ro/a; éo
Joau:J( i 'Mv_ omq’u-/ o{me.cJLo'—- Smdl- Ln_ a’flm paf?”c/« were po;:
c)pauaee‘ adadh l. £-¢ oLa lae) e He vwc.}e.w; LIces fOSI'LVe

Hier m¢,+ M/ beth correct
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QUESTION TWO: RADIOACTIVITY

The diagram shows a Geiger counter. It is a device used to measure radiation from
unstable atoms.

When the Geiger counter is placed in a room without any radioactive sample it registers o |
radioactivity. e

(@) Name this activity and explain why.

Name Bd.c.kﬂr'ou-ﬁo( adiation A/ baJ(ﬂMW\d v
=)
Explanation Seme wioc "J‘l‘a) s SUC.L\ oS roclcg/ m-'ne.ra[ s [ qase:
T L = |
OSwWALC fAYS i no{!‘u&fe QM\"" raA .‘c..')-'ows "

R e exg\ana"'bm correct.

A small sample of radioactive material is brought closer to Geiger counter. It detects alpha,
beta and gamma radiations from the sample material.

(b)  State how the alpha radiation from the beam can be filtered without affecting the
beta or gamma radiation. Explain your answer.
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(c) Explain why small doses of gamma radiation are less harmful than small doses of ‘ ;
beta radiation, even though gamma radiation is more penetrating. f

Gammea rays pass Hhrouqh Ha body with ¥ ,'.szo-}-;o L
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“ls e:;ﬂ« is a\p_:or'ozal. A/ ArLo£Su¢U¢r comr}J but wo wrong

WEl er onswer wmc"" E/ Bo‘“w angwers corre_c,'l'

(d) Radon emits alpha particles. Radon can be held in the hand without any harm. If it is
inhaled it is very dangerous. Explain why. '
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QUESTION THREE: RADIOACTIVE DECAY

Strontium 90 (Sr) is a radioactive substance, which has 52 neutrons per atom. It decays to
Yitrium 90 (Yt), which has 51 neutrons in each atom.

(@)  Write a nuclear equation to show the decay of strontium 90 to Yttrium 90. Include the
mass numbers and atomic numbers in your equation. + l |
A/ correc Saw\Lo S it}

a0 o L, |
: : aud o lomiC AWM
S -—*Y{ + (B ® e e 19
& 3 =f -\ only for—Srand )
M/ c.c>|-\"4.°,<:.'F equa"-bm
The half life of Strontium 90 is about 29 years and it decays into Yttrium 90.

Yttrium 90 is also radioactive and is a beta particle emitter with a half-life of 2.67 days.

(b)  Discuss the amount of Yttrium that would be present in the above example after the |
Strontium had been decaying for the first 8 days. * |
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A radioisotope of krypton has a half-life of 3.0 s. A sample of krypton contains 1024 x 10%*
undecayed atoms.

(c) Calculate how many undecayed atoms will remain after half a minute.
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(d)  Use the information in question (c), to sketch a graph on the axes below to show :

how a sample of krypton would change over the half-minute period.

3 A q 2 \S (8 20 T =
-T_imt ES]

Carbon -14 emits beta particles. A sample of carbon-14 is placed near a Geiger counter.

When a magnetic field is set up in the space between the carbon-14 sample and the

Geiger counter, the count rate reduces almost to zero. The direction of the magnetic field is |
into the page, as shown in the diagram below. ‘

Carbon-14
sample

Magnetic field B
Geiger counter

When the carbon-14 sample is moved to one end of the line AB, the count rate increases
back to its original level. ‘
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(e)  State in which direction (towards A or towards B) the carbon-14 sample must be moved in
order to increase the count back to its original level. Explain your answer.

Direction

Explanation

Nuclear Reactions
a. Compare and contrast a ‘fission reaction’ with a ‘fusion reaction’. Your answer should include

5. « Pitton Rasehion due. riacondt busvelacyer nueless aecl o packcle such ac o neshron
The inferachon Le. een ‘”aese. rv.m.:l-uw‘)'s ma.lces -Hu. larqc nuelc.u.g Jo Fu—m‘la
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QA—SL ‘)ch.‘“a.cr -]-o ‘LM one proalu.a' v\uale.'—'-s

b. The SONGS nuclear power plant in Southern California generates 2,200MW of power. Uranium-
235 as a fuel provides 2.724 x 10™""J during a reaction forming caesium-137 and rubidium-95
1. Calculate the minimum mass of U-235 used every hour, where the mass of an atom of U-235 is
390.3 x 107 kg.
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Y %ucrd c (2:90%...%10 r%A\M\ ( 290-3x 10 5/.,,.3-«,,.,\
= 01135 kg (s LS

2. Explain why in practice a greater quantity of U- 235 would be used per hour.
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(e)

State in which direction (towards A or towards B) the carbon-14 sample must be
moved in order to increase the count back to its original level. Explain your answer.

Direction —I;wo-rd-s g / Dowon / ‘ A/ +owamlc g
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