RROSEERIFY FAGRDE M

A2 PHYSICS 9702

Crash Course UHAB 1GBAL

COMPLETE NOTES

hab. it demi
@ 0331 - 2863334 O gg:'lairl).::‘:;snﬁe" yacademics




N oc\ e @«X ook V\U -
Mo@ &cﬂa} /Sm L—
/\—\\L &:&Qume(:v\ M\YD &&o\ /\odeus Lov*l\&eg «B(D\N\ O\,,& H\k MasS M(S (Ls ’\V\&‘\\!IJ\)& (,wr\()ow

L\)e, v—*“ vse Y(VTS (\0\/ fé.o\(g‘e’(\&“
TASNEN rk&«}s — ™M ve«c}m}s

oy L o o T e el 5
MH\'\"W\ 6{\9(16 «c_TsdeD &’c ea\J o~ NoStenvs w\& SoPm < (\VS “w&w; éoW(bN’w\)Vs } I '\\\7\.

F. Anc




B*\& J\S 6/\6( &—e)&h ‘300 o 5\-qu A SPCUe)) s

/7«\aé’ sryle
6:&»'&‘”‘\""‘\6 ™
ot et
e Y
N S B
> N T nucbe

}’/us?d“l- CO“L'\V\QN{% 221 émmw&( w\$\’ \e, V\UJQJ'\ ’}o L(«w Lmex Male Qﬂ\ﬁe mjejos.

e
)'issie‘{\. T— Yea)/\“a 68 @J o«g\ﬂo& f\Uc,(e, i«\.)(o MNNe S\—c\g& J)Maw'e/( (\\)c\eJ\.



8 (a) State whatis meant by the binding energy of a nucleus. (ii) the binding energy per nucleon of zirconium. 7>

-H'\5H‘1» ...... mome e Sheq ... {QQ){QQ%—QVCAK'\*Q«MW />{Y\ = 37.09% M — LIOCI'C’O—?SM\ ’§7(\m%

'\)& ..... s 5&?@{312.. ....... .C.Qmézf\ < on.. sefedale. a} H\MJ’ ..... Aw = - o. LB
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‘a 2]

*ﬂ‘-‘i Show that the energy equivalence of 1.0u is 930 MeV. E = ¥O : 630‘0( *~ C( %O - é -Q \ g M(j\/
2 -lo
E' " D Vet i 11 c
,ﬁ(ééﬁl " \ L & x " binding energy per nucleon = ... é S s MeV [3]
F_oLAtale” L 43 TS MeN

16xls” 3. 1 MeN [a2_MeN
S e

|.491 7\ E)\{ [3]

(e) Data for the masses of some particles and nuclei are given in Fig. B.1.

mass/u
proton 1.007 3w
\ neutran 1.00B7m
1Py | deuterium (2H) 2 0141m
40‘0,) S 7w | zirconium (57.2r) 97.0980m

Fig. 8.1

Use data from Fig. 8.1 and information from (b) to determine, in MeV,

(i} the binding energy of deuterium,
A(v\ - (Z blH‘}g (( %7)& (uo753u\

_\(\ K(o M

E < o) x(@30) o LTET

binding energy = ..............\. i R A MeV [2]
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S Wihaoanautnm i gy & urnlim S50 iaclegs, e opiome may be repemnied by (i) show that the binding energy per nucleon of a nucleus of uranium-235 is 7.18 MeV.

the nuclear equation shown below. 5
b -r 3
o 23@ ] qg*‘:sa( . (\> 1’7(0\ “2U + in = PMo + Ta + xin + 75e E: _A_ﬁf’_ N Dgog x‘.ééx‘o _(]% Qx‘oy
= L (a) (i) Use the eguation to determine the value of x. No. 68 N 0& NS 2 3 <
B i
)’5@—‘\<-\50( = W _ |\L\ﬂ < \ol j
2- (ii} State the name of the particle represented by the symbaol f& d\/
K= /g Percjc.r ejcj’ ................... (1] \éx(omf><("\ " 7\XMCN
(b) Some data for the nuclei in the reaction are given in Fig. 8.1. ’ ,L(c( 7\10 ) = n Md\{ =2 al
mass/u binding energy par nucleon _ . _ ' _ — 3
gee I_.lse data I‘mm (b) t{: calt:ulaie the t{:tal Enﬂrg'y' in ME'I.I’ ralaasad in 1h|s reaction.

um-235 (%2 y) 235.123 713
Lraniumnm g2 AE; EP(MS ’Elcosty’m}-

molybdenum-85 (33 Ma) 94 945 8.09

anthanum-138  ('2La) | 138.955 7.92 _ ):ﬂcﬂ (‘(g\ + (A2 C\g’\}] — (R CZSS>
proton (1p) 1.007 0] ) , 22~ , ?) Me)\(

meutron | 1,] m) 1.009 O

Fig. 8.1

’ ) MeV [2]

VBRI T s ks m sk s

LU=a data from Fig. 8.1 to

JASY S
(I) determine the binding energy, in u, of a nucleus of uranium-235,

23S D3 - V(1e5T) - M3 (les?)
wez ~ I go@)‘-&

binding enargy = ... AR PR (1) ]



8 (a) State what is meant by nuclear binding energy.
l K e (iii) The masses of some particles and nuclei are given in Fig. 8.2.

mass/u
.......................................................................................................................................... 5-particle 55 % 104
...................................................................................................................................... [2] neutron 1.003
proton 1.007
(b) The variation with nucleon number A of the binding energy per nucleon B is shown in uranium-235 235.123
Fig. 8.1. molybdenum-95 94.945
M | lanthanum-139 138.955
I o o U
Be = —a Fig. 8.2

Calculate, for this reaction,

1. the change, in u, of the rest mass,

28U + In —> $Mo + 'Bla + 2}n + 798 + energy.
Ao mpededs - miedods R ISECR
nn ) 959 2l TGS o
AN\; — 0-2\ o\S

Fig. 8.1
change in mass = Q& \ L = A u [2]
When uranium-235 {EEELI} absorbs a slow-moving neutron, one possible nuclear
TeaGin i3 2. the energy released, in MeV, to three significant figures.
2380 + In —> BMo + Bla + 2ln + 79 + energy. f AN\C:Z 2 "

(i) State the n&rm& of this type of nuclear reaction. - \ CQ \ ,'L"Z> @x( o% ~ 3~ '}5711 X\ C’) J—

.......... QSSU“[H E. (2o x 1LE& xlo % -
(ii) ©On Fig. 8.1, mark the position of 1.6 K\‘;\! \ MQN > e \Ol é O&—? g

il . ” -1 = - ’
1. the uranium-235 nucleus (label this position L), [1] 5 A :))7 )1 7\\0 - w MEJ\(
2. the molybdenum-95 {ﬁu‘lu] nucleus (label this position Ma), [1] energy = .oo......... (qé .................. MeV (3]

3. the lanthanum-139 ('25La) nucleus (label this position La). [1]
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(]
a) A sample of a radioactive isotope contains N nuclei at time f. At time (t + At), it contains
P pe W nuciel at ime 1
(N — AN) nuclei of the isotope.

For the period At, state, in terms of N, AN and At,

(i) the mean activity of the sample,

- AN
activity = ............. Dl nnnsasss [1]
(ii) the probability of decay of a nucleus. AN
probability = ............. I T T R [1)

(b) A cobalt-60 source having a half-life of 5.27 years is calibrated and found to have an
activity of 3.50 = 10°Bq. The uncertainty in the calibration is +2%. > 27

°
Calculate the length of time, in days, after the calibration has been mage, for the stated
activity of 3.50 x 10°Bq to have a maximum possible error of 10%.

Re \,.w) kﬁw& Re hme V\}«% ’d\Q, O\&VRLS R\ ﬁcdfnbe “"A g/

N, qrv «he ty= 52T b
L
= f‘_?;x %S%‘\Dg SATe3S = T N
‘oo A__ Q,J\L - 5.@03%\0
A _ 3‘2)_ Xlog S):? %?)C:S

ime = 2 5\ d
& ")\_ e = iorfesdiunas ays [4]

- b cax\s!
Qﬁ% @SQ/} e e
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oMM Lo

The element strontium has at least 16 isotopes. One of these isotopes is strontium-89. This
isotope has a half-life of 52 days.

{a) Etate what is meant by isofopes.

......... }'omg “v.so»w\e &w@vh \’\M\ MW nmbe/

{b) Calculate the probability per second of decay of a nucleus of strontium-B9.

N. NS e L LQ) > Cosrivberbes b

A\
AR ek . Wl R EPATUS
2>

C e— 2
T W -
S x|o¢
M /A % probability = ........ l ....... Xlo ... g1 [3]
v /ol =

{c) A laboratory prepares a strontium-89 source.¢
The activity of this source is measured 21 days after preparation of the source and is
found to be 7.4 x 105Bg. __ A
t-o

Determine, for the strontium-89 source at the time that it was prepared,

(i) the activity, A,

A A -EN

@’1 |o> Ao e

A, - amirete >

activity = A 7 «lo Bq (2]

C)\ x)k*ébk‘:% C\ AN B

AN

(i) the mass of strontium-89.

Ao N
4Tl Qs x\;,>N°

N, _ (HECT S
(oedeer !&@M@X

= w\o\ KC«Q x\:} No

Q )’( LC7 X\D\?> = N\o\
é.c'). x\vu

f

e o7l I

Mes - N\a\ « M /A«
Moss = 607"\\ x\é\by ~ 23

- .56 e
-
~ O\C’ ;Q\o ‘3



During the de-commissioning of a nuclear reactor, a mass of 2.5x10%kg of steel is found to be
contaminated with radioactive nickel-63 ( 53Ni).

The total activity of the steel due to the nickel-63 contamination is 1.7 x 10'4Baq.

(a) Calculate the activity per unit mass of the steel.

,A- = \7*:161/ = ég Xkoq
M- 25»(\!"43

activity per unit mass = ... e Bgkg! [1]

(b) Special storage precautions need to be taken when the activity per unit mass due fo

contamination exceeds 400Bakg~".
Mickel-63 is a f-emitter with a half-life of 92 years.

The maximum energy of an emitted B-particle is 0.067 MeV.

(i) Use your answer in (a) to calculate the energy, in J, released per second in a mass of
1.0kg of steel due to the radioactive decay of the nickel.

A: P N AN = AN
bt -
é-gﬁ\o X 1 - /5‘\\
[1AY \sec., G.‘&x\;‘\uﬁ\é\ A@&r& : - é Z x\g ﬁ
Er- 6% $\: = O'OQT — LI'SSQX\OG MA

1A
- @ xlo
€ inJ = hsSe xlo % C_I.Qx\o\>_,_ 7L_‘ * \)

ENergy = ..o 73)&.\— ................... J [1]

-

pot ke

(ii) Use your answer in (i) to suggest, with a reason, whether the steel will be at a high

(iii) Use your answer in (a) to determine the time interval before special storage precautions

for the steel are not required.

I W
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AL

t- sag Years

Y = 2

AL



9

(b) Attime {, a sample of a radioactive isotope contains .H I'ILJElE.'I. In a short time Af, the number of
nuclei that decay is AN.

State expressions, in terms of the symbols { Af, Nand AN for

(i) the number of undecayed nuclei at time (f + Af),

number =
(ii) the mean activity of the sample during the time interval AL, AN
mean activity = ... L E' ............................. [1]

(i) the probability of decay of a nucleus during the time interval Af,

N
probability = .............. ' T .. SR [1]

(iv) the decay constant _ AN
decay constant = ............ th ............................... [1]

{¢) The variation with time t of the activity A of a sample of a radioactive isotope is shown in
Fig. 9.1.

Fig. 9.1

The radioactive isotope decays to form a stable isotope S. At time { = 0, there are no nuclei of
5 in the sample.

On the axes of Fig. 9.2, sketch a graph to show the variation with time f of the number n of
nuclei of 5 in the sample.

A ﬂﬁ#o

o Ly

2

g <9€y

p=
0 -
0 I 2ty 3ty
t
Fig.9.2

[2]

Ak



13 Copper-66 is a radicactive isotope.
When a nucleus of copper-66 decays, the emissions include a p~ particle and a y-ray photon.

The count rate produced from a sample of the isotope copper-66 is measured using a detector

and counter, as illustrated in Fig. 13.1.
& to counter M

A

detector
T

radicactive
sample

NN
h="2%

shiglding

Fig. 13.1

(a) State three reasons why the activity of the sample of copper-66 is not equal to the measured
count rate.

MJ\-’«\@. el (NS -~

- M L\"‘Q' . co\ﬂb‘(’/(
- /‘Lwe_ ane (?)\o\\xé\e (_ow\)r-g C’o\( \ &emwa-

{b) In a time of 42.0 minutes, the count rate from the sample of copper-66 is found to decrease

from 3.62x10*Bq to 1.21x10°Bq.
L. a2

Calculate the half-life of copper-66. 2

half-life = ........... 5 \\ ................... minutes [2]

{e) The y-ray photons emitted from radioactive nuclei have specific energies, dependent on the
nucleus emitting the photons.

By comparison with emission line spectra, suggest what can be deduced about energy levels
In nucle.

________ Sde s e oo
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Polonium-211 (211Po) decays by alpha emission to form a stable isotope of lead (Pb).

{a) Complete the equation for this decay.

................ [2]

{(b) The variation with time ¢ of the number of unstable nuclei N in a sample of polonium-211 is
shown in Fig. 8.1.

24

22 HH

20 i
NI10%2 C
18 A =

16 -

14

12

10

o
N
§

0.2 04 °5*06 neg o 10 1.2
tis

At time t = 0, the sample contains only polonium-211.

(i) Use Fig. 9.1 to determine the decay constant A of polonium-211. Give a unit with your

answer. -}_t .
2 N'— NDC— '/\-.. bN = S
) é;}. c _’QL%/_ @ =
W VE
o.gl l 3 -\

(i) Use your answer in (b){i) to calculate the activity at time f=0 of the sample of
polonium-211.

/’\0 i /\“b \ 13
Ao - 13« (_2'1;&\ou> - 3. 12 x\o
3 [ ko

(iii) On Fig. 9.1, sketch a line to show the variation with ¢ of the number of lead nuclei in the
sample. [2]

(c) Each decay releases an alpha particle with energy 6900 keV.

(i} Calculate, in J, the total amount of energy given to alpha particles that are emitted
between time t = 0.30s and time f = 0.90s.

2 Qé/ 7’L\ x\o‘L
AN - 3.3 )(\o\l nvje} Bev'jf—&-, xq),wkoqe)\

£ . 380" s Go o (1657 <1)
.- ans2]

(ii) Suggest why the total amount of energy released by the decay process between time
t=0.30s and time { = 0.90s is greater than your answer in (c

o/ \U\Wm

m WBB\S@\G&&“?%*&MN&‘“F'AM* Y‘D‘“\% X ﬁg‘j (Gﬁ]

[Total: 11]



