Nuclear Physics
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8 (a) State whatis meant by the binding energy of a nucleus.

Pmount oy enegy needed fo eperate  the nudeons of

..................................................................................................................................... [2]
(b) Show that the energy equivalence of 1.0u is 930__M_eV.
leV = .6 x107" T [oxto T — eV
E= mc* ) [-494 x107°T — %
= -2# L4
E (l)((.éb}(lo )(;XID ) 2L = 79%?’5-0000 6V
-10
E= [.494 x\0 T a%2.75 xl0°eV
az4 eV  (%5f)
az0 MeV (24f)
[3]
(c) Data for the masses of some particles and nuclei are given in Fig. 8.1.
mass/u
proton 1.0073
neutron 1.0087
deuterium (7H) 2.0141
zirconium ($(Zr) 97.0980
Fig. 8.1
Use data from Fig. 8.1 and information from (b) to determine, in MeV,
(i) the binding energy of deuterium,
ez Mbed“ (lptin)=(3H)
- (L.oo¥2 + (. 008%) - 2.0141)
= (.al X lo"M
Bindeng enthopy < [.4x10%x 420
= .767 MeV
binding energy = ........... i~ v e1S) MeV [2]
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(ii) the binding energy per nucleon of zirconium. For

o mass d&/ed" (qof‘f' QVI,)"( Z'/) ey PM, nuoleom = él{(;}-é ExaLrZrewer’s
Am =40(1.003) + 5?(1.003?) £ a7 9
97,0430 = p.LlHME
Mm= 0.6%71
o Bindang entadper= 0.6994 x4%0
= L4l. 6 MeV
binding energy per nucleon = éb ............... MeV [3]
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8 The controlled reaction between deuterium (2H) and tritum (3H) has involved ongoing For
research for many years. The reaction may be summarised as Examiner’s
Use

$H+?H%‘2‘He+gn+0
where Q = 17.7MeV.

Binding energies per nucleon are shown in Fig. 8.1.

binding energy per nucleon
/MeV
s 2H 1.12
i -
gHe 707 1eV= (-oxI07T
Fig. 8.1

(a) Suggest why binding energy per nucleon for the neutron is not quoted.

Newtyon i gne individwal paticle pof  joined with

(b) Calculate the mass defect, in kg, of a helium ‘Z‘He nucleus.
b = 1.0%x 4 AR

- 28.28 MeV (zg.z%xl(?“x(.exlo’”)= o (2x10°) "

m = 5,02 xID kg

-2
mass defect = ......... ¢ DXIO ..................... kg [3]

(c) (i) State the name of the type of reaction illustrated by this nuclear equation.

Nudean Fusion yeackion e (]

(ii) Determine the binding energy per nucleon, in MeV, of tritium (?H).

1% E — BE,t BE, = BB~ &
| (12x2) + 67 = (F.01%4) - 117
i BEr=%.24 meV —— BErpanuo[&on: $_-_%_3‘{
|
=2.78 MeV
A thesy

o

Yeacyt‘{go/'-n

binding energy per nucleon = ..........cccceeveevieeieeeereennne. MeV [3]
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