23.2 Radioactive decay PhysicsAndMathsTutor.com

23. Nuclear Physics

23.2 Radioactive decay

Paper 4
Marking Scheme



23.2 Radioactive decay

Q1.

PhysicsAndMaths Tutor.com

(a) time for activity (of sample) to halve B1
(b)(i) activity (of X at time f) B1
(b)(ii) |e Yis a stableisotope B3

s total number of nuclei is constant

e half-life (of X) is 13.6s

e decay constant (of X) is 0.051 s~

e amount (of X) at f= 0 is 0.066 mol

e activity (of X)att=01is 2.0 x 102" Bq

Any three points, 1 mark each

(c) mass of 1 nucleus = (7.3 x 10#) /(4.0 x 10%2) c1

nucleon number = mass of nucleus / (1.66 x 10-%") c1

= (7.3 x107%)/ (4.0 x 10?2 x 1.66 x 10-%") A1
=11 and given as an integer
Q2.
~(a)(i) | A=In2/(110 x 60) = 1.05 x 10451 At
(a)(ii) | N=M/(18u) or (Min grams x Na/18) c1
N =(2.1x1072)/(18 x 1.66 x 1027) or (2.1 x 10~ x 6.02 x 10%)/ 18
(=7.0x10"%)

A = iN C1
=1.05x10*x7.0x 10" A1l
=7.4x10°Bq

Q3.

(a)(i) | cannot predict when a particular nucleus will decay B1

or

cannot predict which nucleus will decay next

(a)(ii) | (decay is) not affected by external (environmental) factors B1
(a)(iii) | fluctuations in (measured) count rate B1

Q4.

(a) time for activity (of sample) to halve B1

(b) sketch: line with positive gradient starting at (0,0) and extending to t = 80 min B1

exponential curve, extending from ¢ = 0 to { = 80 min, with gradient of steadily decreasing magnitude B1

line passing through (0,0), (20, 0.5Nb) and (40, 0.75 Np) B1
(c)(i) every (undecayed) nucleus has the same probability of decay M1
fewer (undecayed) nuclei remaining (with time), so fewer will decay (in a given time interval) A1
(c)(ii) « sample emits in all directions but detector only captures emissions in one direction B2

* some emissions are absorbed before reaching detector

« some emissions are scattered within the sample

* simultaneous arrival of multiple particles only registers once

* some particles may reach detector but not cause ionisation

Any two points, 1 mark each

measured count rate is less than the activity B1
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Q5.
(e)i) |A=ANand A=In2/T C1
N=n>x Na C1
2 photons produced from each decay, 50 Ry =2 x A x nx Na Al
Ro=(21In2) nNa/ T (allow 0.693 for In 2)
(c)(ii) | sketch: exponential decay curve from t= 0 to t = 2T, starting at (0, Rs) and with a negative gradient of continuously B1
decreasing magnitude
line with negative gradient passing through (7, Ro/ 2) and (2T, Rq/ 4) B1
Q6.
(a) spontaneous emission of (ionising) radiation B1
emission from unstable nucleus B1
(b)(i) | curve with decreasing negative gradient passing through (0, No) B1
curve passing through (T, 0.5No) B1
curve passing through (27, 0.25No) and (3T, 0.125No) B1
(b)(ii) | line through origin with positive gradient B1
straight line passing through (Ng, Ao) B1
(c)(i) | activity B1
(c)(ii) | decay constant B1
d) N=Noexp(—In2x1.70T/T) c1
N/No=0.31 Al
Q7.
(a)(i) | cannot predict when a (particular) nucleus will decay B1
g;nnot predict which nucleus will decay next
(a)(ii) | not affected by external/ environmental factors B1
(b)(i) | line fluctuates B1
torcrend is a straight line
(b)(ii) | straight line of best fit drawn on Fig. 10.1 B1
(b)(iii) | M= Mo exp (—Ail) Bl
so In M= In M — At so gradient = —4 (and magnitude of gradient = 1)
(b)(iv) | gradient = () (8.0 —4.8)/(11.6 —0) (allow any correct pair of values from Fig. 10.1) C1
A=0.28s" Al
(b)(v) | half-life =0.693/4 Al
=0.693/0.28
=25s
Q8.
(c) from t = 0 to t = 45 s: curve with positive gradient of decreasing magnitude starting at (0, 0) B1
line passing through (15, %/No) B1
line passing through (30, 0.75MNo) and (45, 0.88/No) B1
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Q.
(c) 1.0Ty. shown at 2No and 2.0T, shown at VaNo B1
line starting at (0, 0) and reaching (T, No—N) B1
line starting at (0, 0) and reaching original curve at (1.0T, ¥2No) B1
Q10.
(a) probability of decay (of a nucleus) M1
per unit time A1
(b) |A=aN c1
N = mass/ (nucleon number x u) Cc1
2.92 % 10° = (Ax 5.87 x 107'%) /(131 x 1.66 x 107) A1
A =1.08x10°s"
(c) e sample emits radiation in all directions B2
+ some radiation is absorbed by air/detector window
e self-absorption within the source
* dead time/inefficiency of detector
Any two points, 1 mark each
Q11l.
(a)(i) | cannot predict when a particular nucleus will decay B1
ggnnot predict which nucleus will decay next
(a)(ii) | (decay is) not affected by external (environmental) factors B1
(b)(i)) |A=Apexp(—Af)andsoln A=InA;— At c1
gradient of line = (-)4
A =(36.4-35.0)/(20-0) c1
(= 0.07(0) min")
half-life =In2/4 A1
=1In2/0.070
=10 min
or
Ao = exp (~36.4) = 6.43 x 105 (Bq) (c1)
Aol2=321%10'5 (Bq), soln (A/2) =357 (c1)
read off half-life = 10 min (A1)
or
(at one half-life,) InA =36.4—1n2 (C1)
=357 (c1)
read off half-life = 10 min (A1)
(b)ii) | A=aN c1
N = mass/ (nucleon number x u) c1
xr‘r= (mass / nucleon number) x Na
exp(36.4) = (1.17 x 103 x 5.66 x 107)/ (nucleon number x 1.66 x 10-27) A1
:;p(36.4) =(1.17 x 103 x 5.66 x 10~* x 6.02 x 102%) / nucleon number
nucleon number = 62
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Q12.
(a)(i) | time at which a nucleus will decay cannot be predicted B1
gcl;nstant probability of decay of a nucleus
(a)(ii) | decay (of a nucleus) not affected by environmental factors B1
(b) A=A and 1=In2/t. c1
=36x10°xexp[-(2xIn2)/1.4] c1
or
A = Apx0.5Y (C1)
=3.6x105%0.5" where N=2/1.4 (€1
A =13x105Bq A1
(c)(i) | smooth curve, starting at (0, 3.6 x 10°) and passing through (1.4, 1.8 x 10%) and (2.0, 1.3 x 10°) B1
(c)(ii) | (activity of sample is greater than activity of X so) there must be an additional source of activity C1
the decay product (of isotope X) is radioactive A1l
Q13.
(a)(i) | unstable nucleus B1
emits ionising radiation or decays spontaneously B1
(a)(ii) | probability of decay (of a nucleus) M1
per unit time A1
(b) |A=iN c1
560=99x10"x N A1
N=5.7x108
(c) A=Ajet c1
170 = 560 exp(-9.9 x 107 x {)
t=1.2x10%s c1
= 14 days A1l
Q14.
@) | ANIAT B1
(a)ii) | ANIN B1
(a)iii) | ANJ(N AT) B1
Q15.
(c)i) |A=Ape™ and In2= Aty C1
0.40 = exp(-In 2 x t/3.9) ]
or
(0.5)" = 0.40 (C1)
n=1.32 and t=1.32x3.9 (C1)
t=15.2 hours Al
(c)(ii) | daughter product may be radioactive or random nature of decay B1
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Q16.
(a)(i) | (decay is) unpredictable/cannot be predicted B1
(a)(ii) | probability of decay (of a nucleus) M1
per unit time A1
(b) A=iN c1
(for 1.00m3) A=0.600/4.80x 10 (=125Bq) c1
N=125/([7.55 x 10~%]/3600) (=5.96 x 107) c1
s0 ratio = (2.52 x 10%%) / (5.96 x 107) c1
or
(for 4.80 x 10-*m3) N for air=2.52 x 10% x4.80 x 10-° (=1.21 x 10%) (C1)
N for radon= 0.600/ ([7.55 » 10-%]/3600) (= 2.86 x 105) (C1)
s0 ratio = (1.21 x 1023) / (2.86 x 10%) (C1)
ratio=4.2 x 10" A1
Q17.
(a) emission of particles/radiation by unstable nucleus B1
spontaneous emission B1
(b)(i) | use of graph to determine half-life = 14 minutes B1
hence A=In2/(14 x 60) (s™") C1
Nat 14 minutes=4.4x 10" and A= AN c1
activity =4.4x10" xIn2/(14 x 60) A1
=3.6x10°Bq
or
correct tangent drawn at time t = 14 minutes (B1)
magnitude of gradient of tangent identified as activity (C1)
correct working for gradient leading to activity (C1)
activity=3.6 x 10* Bq (A1)
(b)(ii) | 3.6x10%=74x4.4x10" Cc1
or
A=In2/(14.0 x60)
A=82x10"s™ A1
Q18.
(a) emission of particles/radiation by unstable nucleus B1
spontaneous emission B1
(b)(i) | P —the curve that starts with a high number B2
D — the curve with the peak
S — the curve that increases from zero throughout
(one correct 1 mark, all three correct 2 marks)
(b)(i)) | Aty =0.693 c1
A =0.693/(60.0 x 60)
=193x10%s™ A1
(c) half-life of F is much shorter than half-life of E B1
nuclei of F decay (almost) as soon as they are produced B1
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Q109.
(a) unstable nucleus B1
emission of particles/photons B1
emission is spontaneous B1
?prarticlesfradiation) are ionising
(b)(i) | tangent drawn and gradient calculation attempted B1
activity = 1.3 x 10°Bq A2
(1 mark for answer within +0.2 x 10® Bq, 2 marks for answer within +0.1 x 10° Bq)
(b)(iiy |A=2aN c1
A=(1.3x10%/(3.05 x 10") =43 x 10°s™" (4 x 10°s7") A1
(€ |A=Ae™ c1
1.0 x 10° = 4.6 x 10°exp(-5.5 x 107 x 1)
In(4.6)=55x107 xt c1
t =278 x 10°s Al
= 32 days




