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(a) (i) State whatis meant by nuclear binding energy.

Ewﬂj ceapifed Lo syparoke Y andums

(ii) On Fig. 8.1, sketch a line to show the variation with nucleon number A of the binding
energy per nucleon E of a nucleus.
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Fig. 8.1
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(b) In one type of nuclear process, deuterium (%H) undergoes the reaction
2H+2H —— 3He + /n.

(i) State the name of this type of nuclear process.

(ii) Explain, with reference to your line in (a)(ii), why this reaction results in the release of
energy.



(c) Table 8.1 shows the masses of the particles involved in the reaction in (b).

Table 8.1
particle mass/u
on 1.008665
H 2.014102
SHe 3.016029

Calculate the energy released when 1.00 mol of deuterium undergoes the reaction.
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(a) Define mass defect.

(b) Table 9.1 shows the mass defects of three nuclei.

Table 9.1
nucleus mass defect/u
24 0.002388
H 0.009105
3He 0.030377

The nuclear fusion process in a particular star is described by
\
2H + 3H — JHe + X
where X is a particle that has no mass defect.

(i) State the name of particle X.
R 17 8 () 1]

(ii) Show that the energy released when one nucleus of gHe is formed in this fusion reaction
is 2.8 x 10712J.
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(c) The starin (b) has a radius of 2.3 x 109m and a luminosity of 1.4 x 1028W. —
All the energy released from the formation of gHe is radiated away from the star. ¢
All the energy that is radiated from the star has been released in the formation of ;He.

Determine:

(i) the mass of gHe produced per unit time by the fusion process
| audaus aj— He -4 fddeanes = 2.82x 1o 0J
Totak gy cdensed porsend = |\ 3 /e .
Totad # oJ' AL ﬁrfmca = L4xle?® _4.96x lo
per ceconmd 282%™ =Y
Mars ef— 1 nudums = Hu-= L(k\-@éx\bhlq'kaz G‘GMS,:\O <
Tor mam of He-U prduud = .64 x\c P x4.qlx\o

mass per unit time = 3“3*\0 ................. kgs™' [3]
(ii) the surface temperature of the star.
temperature = ... K [2]

[Total: 11]



(b) The nuclear fission of uranium-235 can be described by

on + U —— "Ba + Bk + o

Table 6.1 shows the masses of the particles involved in this reaction.

Table 6.1
particle mass/u
on 1.008665
Qkr 88.917636
¥Ba 143.922953
U 235.043930

Determine the energy released by the fission of 15.0 kg of uranium-235.
Mp = 1429224624827 ¢3¢ 2 (Lot ¢6S)

My = 225, o443 + 1.00Q€LS = 2 2(€. 652535

Am— 0-186ol\ = 2 6877 826G
Bc: — BMCIL: 2..:”'2)(\0-“

ENEIGY = oottt eaeenens J [4]
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