Figure 1 shows how radioactive decay of one nuclide can be modelled by draining water through
a tap from a cylindrical tube.

Figure 1
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The water flow-rate is proportional to the pressure of the water. The pressure of the water is
proportional to the depth of the water. Therefore the rate at which the depth decreases is
proportional to the depth of the water.

Before the tap is opened the depth is 16.0 cm

The tap is opened and the depth is measured at regular intervals. These data are plotted on the
graph in Figure 2.

Figure 2
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(@) Determine the predicted depth of water when the time is 57 s
by =W ser . S5 2w s i=s>4-2
/
v depth = 2 cm

(b) Suggest how the apparatus in Figure 1 may be changed to represent a radioactive sample

of ths same nuclide with a greater number of nuclei.

1)

Y

(c) Suggest how the apparatus in Figure 1 may be changed to represent a radioactive sample
of a nuclide with a smaller decgy constant.

WJP (1)

(d) The age of the Moon has been estimated from rock samples containing rubidium (Rb) and
strontium (Sr), brought back from Moon landings.

$7Rb decays to 3iSr with a radioactive decay constant of 1.42 x 10~ year

Calculate, in years, the half-life of & Rb [D
o= Wl = kB

/ - ———
|V }\ half-life = years

)
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(e) A sample of Moon rock contains 1.23 mg of $IRb .

Calculate the mass, in g, of & Rb that the rock sample contained when it was
formed 4.47 x 10° years ago.

Give your answer to an appropriate number of significant figures.
r
- we Coan S0+
-\ g (/uk No m o

S Gz gy iy 710
- @-Oé% ~0-0C
>0, 7 55‘@

mass = [ 35 )0 g

(3)

()  Calculate the activity of a sample of $JRb of mass 1.23 mg
p

Give an appropriate unit for your answer.

SH= A s L 020"
gec 44 Y
Mo 1 hox B ne Q-5 ox !

- B 4)(\ \
/\:/k'(ﬂ/XlO E Q-b 1O - A‘

L
~ L(so{ Qb activity = unit
2L5% o
(Total 10 marks)

Roding Valley High School Page 3 of 13


Edward
Pencil

Edward
Pencil

Edward
Pencil

Edward
Pencil

Edward
Pencil

Edward
Pencil

Edward
Pencil


The radius of a uranium 23U nucleus is 7.75 x 107°m

1.
What is the radius of a ¢ nucleus? ﬂ — (L N A
A 110x1018m 7 (LLU
R .

W\‘/} R-1, K3
D 312x10m < UGM&”’J’ C/

(Total 1 mark)

B 3.91x106m 10~

286 x 107 m

o] [o] [o] [o]

(@ In aradioactivity experiment, background radiation is taken into account when taking
corrected count rate readings in a laboratory. One source of background radiation is the

rocks on which the laboratory is built. Give two other sources of background radiation.

source 1 (7 M\
source 2 (\)A)\)\_ QM}\/ (B/?ﬂ)\ﬂﬂ\ < \ﬂ [/O 3(/@/_@

PM ﬁ?ﬁ“ :

(b) Ay ray detector with a cross-sectional area of 1.5 x 10~ m? when facing the source is
placed 0.18 m from the source.

A corrected count rate of 0.62 counts s~ is recorded.

(i)  Assume the source emits y rays uniformly in all directions.
Show that the ratio

number of y photons incident ondetector
number of y photons produced by source

; -3
is about 4 x 10~>. a_

SW@){\V\%&/QWM YN o\wa\\w@ = L*//'U( q

e -7
(}\Q/\T‘Q,blCUY COW@% = 2'7%\(7 /;])/ &KL
o
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(i)  The vy ray detector detects 1 in 400 of the y photons incident on the facing surface of
the detector.
Calculate the activity of the source. State an appropriate unit.

O 0L cowml/s S0 nyof % = L0050 €L
= 268/5

-

;7»{

3
S < ¢

©)

(c) Calculate the corrected count rate when the detector is moved 0.10 m further from the
source.

GGZ/gO\B\/ v, r\?m ASSN dbk’ - O 23
Cooc \/L Vo\aw% by o MM OaTX

Y ~
= 156
\,\ T :Oql
¢ hop by 5
Y 06%(@('\/3 answer = Dz’g counts st
®3)

(Total 9 marks)
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(@) Calculate the binding energy, in MeV, of a nucleus of $5Co.

4

275

nuclear mass of 33Co = 58.93320 u A B
Mass 5 h ol \e. 27m€ + QS//-Z%MM - 5C§°ZY7{\’A
N 7

, . VAN 3
O m=Sq 74— §8 93, = O SH0B

6. 0 56p3x A3 SMeV
binding energy = b O g' % MeV

@)
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(b) A nucleus of iron Fe-59 decays into a stable nucleus of cobalt Co-59. It decays by 3~
emission followed by the emission of y-radiation as the Co-59 nucleus de-excites into its
ground state.

The total energy released when the Fe-59 nucleus decays is 2.52 x 10713 J.

The Fe-59 nucleus can decay to one of three excited states of the cobalt-59 nucleus as
shown below. The energies of the excited states are shown relative to the ground state.

> 13
Fe-59 . 2 S S,(ID

"l’-.:-...; ._\_[j_" v
ﬁ1:. 229 x 10-13]
A AN 2.06 x 10-13 ]
e 1,76 % 1013 ]
- 0
Co-59 ground state

Calculate the maximum possible kinetic energy, in MeV, of the B~ particle emitted when the
Fe-59 nucleus decays into an excited state that has energy above the ground state.

—

20 | 26xD
O/ Gx \9_937

13
b7(>( V4

\ 670
maximum kinetic energy = O ) % MeV

(c) Following the production of excited states of EECD , y-radiation of discrete wavelengths is
emitted.

)

State the maximum number of discrete wavelengths that could be emitted.

. é

— - maximum number =

JJ/___. (1)
'J Page 7 of 13
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(d) Calculate the longest wavelength of the emitted y-radiation. 9?‘

E;\g - 6:\2_5_:_ => D = \4: = z;!f-
6 mahhosst 5 = 0.2"5,”0{—‘)3 7

Longest wavelength =

g-ewo"’;
®3)

(Total 9 marks)

Nobelium-259 has a half-life of 3500 s.

What is the decay constant of nobelium-259? ~ LI
Ll = (43x10
A~

Z/

A 87x10°s

o

C 17x1072s™t

o] o] o] [of

D 1.2x102s™

(Total 1 mark)

After 64 days the activity of a radioactive nuclide has fallen to one sixteenth of its original value.
The half-life of the radioactive nuclide is

VoYV TNV )
| Y7 A ) 2

A 2 days.
v b3 b
B 4 days. ‘
Go b W - (7‘”‘{7 Y,
C 8 days.
D 16 days.

(Total 1 mark)
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The graph shows how the binding energy per nucleon varies with the nucleon number for stable
. e
nuclei.

Average
binding '
energy per
nucleon/MeV 41 I
3' H'g !
el |
& 1
1-%ﬂ-‘- ,
0 L 1
0 30 60 o0 120 150 180 210 240 270
Number of nucleons in nucleus
What is the approximate total binding energy for a nucleus of '74W ? l 8 q
A 1.28 pJ v ? MQ\) VUL C
B 94.7 pJ ~ | (E7LAAQ.O
c 103 pJ E - 6 _.c\
P = |472¥'D e Vx|6x0

2k "3

(Total 1 mark)

[0

@ 230 pJ
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Mark schemes

1

(@)

(b)

()

(d)

2.0cm v (allow 1.96 to 2.00 cm)

(Answer alone gains mark and ignore number of sig. figs)

(The depth halves in 19s. With the graph being exponential the
depth will halve every 19s. 57/19 = 3 so the halving occurs 3 times.
16cm—8cm —4cm— 2cm)

Use more water/greater depth/greater volume (in the existing cylinder)

(This should give the same half-life) v

Assume the word water is present in the answer if there is no
reference to it. Eg ‘greater depth’ is taken as ‘greater depth of
water'.

Closing the tap more

OR

Using a more viscous fluid (density is not the same as viscosity)
OR

Using a wider cylinder

OR

Use a smaller diameter capillary/narrow tube v/

To decrease the decay constant the depth decrease rate should be
reduced ie the cylinder should take longer to empty).

Changes to the tube need to be specific.
Also tube needs to be identified.

(Using Ty, = In 2/ 1 = 0.693/1.42 x 1071

T., = 4.9(4.88) x 1010 (year) v
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(e) (Use of N= N,&* mass is proportional to number so
m= me*
m,= me*)
At=1.42 x 10711 x 4.47 x 10° or 0.0635 v
(M, = 1.23 x 10-3 142 x 107 x 4.47 x 10°

m, = 1.31 x 1073 (g) v (allow and look out for unit being modified to mg)

Mark for 3 sig figs but must be attached to a final answer for mass with some attempt at a
relevant exponential calculation v/

May calculate N = 8.51(2) x 1018 and Ny 9.07 x 108 but marks will

be the same.
3
(f)  (N=mass/87u=1.23 x 107%/(87 x 1.661 x 10727)

N =8.5(1) x 1018 v
(This does not have to be calculated out for the mark)
(A=1.42 x 10711/ (365 x 24 x 60 x 60) = 4.50 x 10719)
(A=AN =450 x 10719 x 8,51 x 10%8)
A = 3.8(4) ¥ (this calculation must use in seconds)
Bq, B/becquerel, counts st or s™t v

In first mark is obtainable from calculating number of moles and

then multiplying by Avogadro’s number.

{n=1.23x10%87=1.41x10"°

N =1.41x 107°x 6.02 x 10%%}

A power of 10 error will count as an AE and will allow an error

carried forward.

Answer must follow working showing correct process as correct

answer can come from incorrect working.

3
[10]
C
(1]

(@ any 2 from:

the sun, cosmic rays, radon (in atmosphere), nuclear fallout (from previous
weapon testing), any radioactive leak (may be given by name of incident) nuclear
waste, carbon-14 .~
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(b) () (ratio of area of detector to surface area of sphere)

0.0015

ratio = m v

0.0037 + (0.00368)

(i) activity = 0.62/(0.00368 x 1/400) give first mark if either factor is used.

67000  Bq accept s or decay/photons/disintegrations s but not
counts st (67400 Bq)

(c) (use of the inverse square law)

II_' - L oo calculating k = 0.020 from | = k/x?

=062 = (218 ¥ 0.26 counts s . (allow 0.24-0.26)

(9]

(@) (using mass defect = Am =Z m, + N m;, — Mc,)
Am =27 x 1.00728 + 32 x 1.00867 — 58.93320 (u) v
Am = 0.5408 (u) v
Binding Energy = 0.5408 x 931.5 = 503.8 (MeV) v (CE this mark
stands alone for the correct energy conversion even if more circular
routes are followed.

Look at use of first equation and if electrons are used or mass of
proton and neutron confused score = 0.

If subtraction is the wrong way round lose 1 mark.

Data may come from rest mass eg m,, =939.551 MeV or 1.675 x
10~2" kg or 1.00867 u.

So if kg route used Am = 8.83 x 10728 kg BE = 7.95 x 10728 J and
497 Mev.

Conversion mark (2nd) may come from a wrong value worked
through. 0.47(5)

3
(b) (252-1.76)x1018=76x101Jv
7.6 x10714/1.60 x 10713 =0.47 or 0.48 MeV v (0.475 MeV)
Correct answer scores both marks.
2

(c) 6 (specific wavelengths)
¥ ¥y __ 4

1
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(d) (longest wavelength = lowest frequency = smallest energy)
(2.29x 1013206 x1013)=23x 104 (J) v
A(=hc/E)=6.63x1034x3.00x108/2.3x10714v
A=8.6-8.7x1071?(m) v (8.6478 x 10712 m)

Allow a CE in the second mark only if the energy corresponds to an
energy gap including those to the ground state.

The allowed energy gaps for CE are:

2.29, 2.06, 1.76, 0.53, 0.30 all x 10713

Note substitution rather than calculation gains mark.

The final mark must be as shown here and not from a CE above.

3

(9]
B

[1]
D

[1]
D

[1]
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