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T Name:

X AT

m0uestlons

ODetarmme the energy equivalent, in joules, of
(@ an elsctron
(b) aproton wma

Q A simall sample of coal, when completsly cenverted te
energy, releases 4.5 x 10" .. Daterrmine the original mass
of the coal. Assume that the final masa is 26f0. & E=

(3 Calculate the energy released in the following nuclear
reaction, given the masses indicated: &z

28) = 227h + He
My.z3¢ = 236.045 562 u
Mz = 232,038 061 u
My = 4.003 603 u

4. Caleulate the energy released in the fellowing reaction,
given the masees indicated: 21 ia

U+ In— B8 + ke + 11(A)
My = 236,044 u

firg0 = 86,808 u

Mhygq25 = 134.879 4

1@ following shiows the products of a uranium-238 decay
86riea: oK

30 = 3Th > P > 2 = 3iTh > %fa
(8) Write a nuclear reaction equation for each stage of
this series. Assufe that beta decay reactions are

6. Refer to Question 5. This series of reactions is part of a
longer one known as the uraniumi-lead 8eres. 1 Ea
(a) Researeh this sefies and identify the ether reactiona
invelved.
(b) What is the final stable isotope?

7. Summarize the safety issues related to Auclear fission
feactors, e

8. Explaln how CANDU reactors are deaigned to minimize
danger due 1o electrical power loss. i

8. The following lllustrates the breeding chain used to produce
plutenium-238 frem uranium-238 in a breeder reactor. The
process is initiated by bombarding U-238 with high-energy
RButrons:

B + 40 = U = GiNp = GiPu
Clasaify the nuclear reactions eccurfing at each stage of this
breeding cycle as alpha decay, beta decay, of electron capiure.
Then write & feaction equation for each atage. Assume that
beta decay reactions are beta-negative, 21N

10. Anether breeding chain invelves the transmutation of
therium-233 te uranium=233, This eccurs in three stages:
first a neutron is abserbed by a Th-233 Aucleus, and then the
daughter isotape undergees beta-negative decay twice. Write
the series of nuclear reaction equations for this breeding
ehain. ldentify parent and daughter isstopes and their mass
fumbera and atemic fumbers for each stage. & e

beta-negative.
(b) Identity each reaction by type of decay. Explain your
aAnswers.
- -2
#l/ E=mc” = Q%10 kg mp = LGFxI0 ?lﬁ
=(Ux* Y 3x08)?
E =(\ xw )(-lz ) o
E =@:2x J g = [[5xl0
clcc-“'rw-v\ Pra“t—-\
'™
2. B=*46x0'tT E = mc
o Yo w0t = (Brio2)®
6’!!67 ‘3 =M
0- 005 kq =M
32
3/- ?:u — ’;n‘ :_Hc E o hae ™

"

Mass Difference
=
Nt A uads

~h

)

i

2% am L)
5, %U — ;pr\ - zHc (d,olm)

21 °

234 M
— WU +
Ch o 92

236.0455,2 — (232.0%8051+ it .003603)
3,98 x 1072 o f&éklo’"l«u

6. 4B xi0 ©

c (Bnegehin) o Th

Lk £= 583710

ZS‘fu s TA a Hg Ca{PLAJ
92

3°

—_ RO\ o Hc (4{/3114)

= (6v‘(8¥3x45”)~
(3x lo‘) Ly
e




B cuestions

@ Compare and contrast Auclear fission and nuclear fusion. How

2,

afe these reactions alike? How afe they different? tz s

(@) Explain why nuclear fusiof is mere difficult to achieve
than nuclaar fissien.

(b) Why i8 nuclear fusien more desirable than nuclear
fission for power generation? tJica

Use the following values to answer (a) and (b): &0 ks
=1.007 825 u

mC 13 = 12,000 00 u

fiicyy = 13.00335u

Myq4 = 14,003 07 u

(a) Determine the amount of energy released in the third
stage of the earbon-nitreaan-exyaen yele:
%+ IH= "IN + energy

(b) In the first stage of the carbon-nitfogen-oxygen cycle,
1.95 MeV is produced per reaction:
e+ {H= "N + energy
Use this information to determine the mass of
fitrogen-13. sm

. Refer 1o Tuterial 1 on page 343,

(a) Determine the enerdy released per nucleen for the
figsion and fusion reactions in Sample Prablemis 1
and 2.

(b) What ia illustrated by comparing these eneray values?
O3 X

5. Deuiterium can be extracted from normal water, and titium is

a waste product of CANDU reactors. What doea this suggest

about the fusl availability for Auclear fusion reactora? s
6. Joansider the carbon-nitrogen-oxygen cycle:

120 = N = 126 = N = 130 = N = ' + 1He

The first twe reaction equations of this cycle are

6+ JH = "N + energy
N =C + .fe + energy

(a) Which of these i8 a fusion reaction? Explain.

(b) Which of these i5 a beta decay reaction? What type of
beta decay is it? Explain how you know.

(€) Write the remaining reaction equations for this cycle
and clagsify each by type of nuclear reaction. Asaume
that the beta decay feactions are of the same type as
the one given above. [0 & N

7. Perform some research on nuelear fusion techniques.

What are some alternative methods for contralling fuclear
fusien that have nat baen discussed in this section? Write
a sentence or two 1o dascribe how each of these works.
IRclude diagrama to BUPpOrt your explanations. &z s

8. Conduct research on the ITER project. What advances have

been mads since the publication of this text? & &
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SPH4U 1 Task — Radioactivity Name: SO / e

Do ALL work on a separate page please. There is not enough room to answer on this page.

1. Explain what isotopes are. How are the isotopes of a particular element similar? How are they different?
Tsotspes arc Varichaas of an ele ment 5 Hhiey have Hu same # o protins but d Herud ¥ wedron
An element has a mass number of 38 and is the 15th element on the periodic table. How many neutrons does
it have? AM- AN = 38 —(5
= 23 weutrons
Explain what an artificial transmutation is and give two examples of artificial transmutations. o :H
AT ~ |;o-)u?c creahon b}/ humans, & N+oc — O+ H =
4. Define the concept of xz‘ﬁ{atorzic mass. ; Al«ot = P +
Mass meansuce (atomic Jevel), L weutnt
5. Define the concept of mass defect. >z corbon -12 atem .
Difference 4 mass behueen prducks & Ceachsnts  (parest /aualiber )
6. Define the concept of binding energy.
er\l mum Nery “%\MNP\ ﬁmVC— o P-\P“'\c‘a. r‘\ o “‘5""“‘\ ( ":&w t wass dt{cc“’)_
7. Define the concept of 5nding energy per nucleon. (profen/newtren Nucleas) :
Ener~57 R@AH‘GJ - pull one Nucdeon $ree of e vuclews. ((Bindy Envegy
8. A nitrogen atom has a mass of pjggjscly 14.00307 u. How many kilograms is this? ~* ¢ le-'—“"“)
[H.0030Fu (1eexlOTs™y = 2 3gusx (0~
9. How many joules would be released by the complete conversion of 1.250 kg into pure energy?
E=mc* E= (4-250)(3);!08)*2'
E= l-128 <10'" T

N

5]

The graph shows the binding energy per [0 ——
nucleon vs. number of nucleons. The Sope
following questions refer to this graph. / _‘;: 3= =D _ &, m}z.a L
e I Y I 3 Bh

g ;- g, ] =

10. What is the binding energy per nucleon | 7--——'* il B L I ~U‘§6U_
of %Fe? = 1 -
-~ 8.8MeV 55 . 'Be
e e
11. What, then, is the total binding energy of |8 ||
SFe? 15 3 1
88x56 = Hq 2.8 Mc\/ :52
3
et —_— —
0
i 50 100 150 200 250
Nuslean number
12. What amount of work would be ,‘raquired to completely disassemble *°Fe into its constituent nucleons?
492.8 MV :
. K/ = = 8
13. Find the sum of the binding energies of *>Kr and '*'Ba. 2Kr = 72x8.6 = T2 MV
iR, = I4(x 84 = U844 Mc/

14. Find the binding energy of 23¢U. B =T H 236 Ty 1TFS5. & WMeV

= I THG-H MV
15. From the previous two problems, find the gain in binding energy that occurs when uranium-236 splits into
barium-141 and krypton-92. B.,;o\‘;j EM,:V = 1975. 6 — 7464
= 229.2 MecV/
16. Explain which type of reaction this is (fission or fusion) and why it occurs naturally.
1”u '—'“.Bo. g qu * 3" F\.$$(0:V\. ) WA s'rst:(-c ;M“":‘S "E S"‘"{olc .

The following questions refer to the reaction shown below, in - m—
which a high-energy alpha particle collides with a nitrogen paraele retInass /¥
nucleus. Use the given table as needed. R e 4 00240
17. Complete the nuclear reaction shown here:

1d 5 R & 4 T R N 14 00307

_7N+ He— @l O+ 1. p P o 1699913
18. Find the mass in u of the reactants. —= (8. 0567 ;.

P P 100783

19. Find the mass in u of the products. —> 18 100696 ax

20. Explain why this reaction is an artificial transmutation that is not likely to occur naturally.
LBta Mass Defect = (8.06T76 - (©.005cF
- O-W(29 (\nortase «n mags )
e % Prod.»jx
Br fw rcachen B i plece
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