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NUCLEAR FISSION AND FUSION STATEMENTS

· Directions: Place a check mark ( ( ) next to the statement that you agree with or leave the space blank if you disagree with the statement.

_____  ( 1 )  When nuclear fission occurs, an atom splits releasing 

two to three neutrons and enormous amounts of  

energy.

_____  ( 2 )  A nuclear chain reaction occurs when a neutron 

bombards an atom causing it to split and release     

neutrons that split other atoms.

_____  ( 3 )  Nuclear power plants use controlled-fission chain 

   reactions to produce electrical energy.

_____  ( 4 )  Plutonium is the fuel that is used in a nuclear power 

   plants.

_____  ( 5 )  The sun is powered by the fission reaction of four 

                     Hydrogen—1 isotopes that form more-stable helium 

                     nuclei and two positrons.   

_____  ( 6 )  In nuclear fusion reactions, two atoms combine to 

   form new atoms.

_____  ( 7 )  Fission and fusion reactions are combined to provide 

   the explosive energy of atomic bombs. 
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Review Figure 22-1 on page 702, which shows that nuclei of intermedi-
ate mass are the most stable, /n nuclear fission, a very heavy nucleus
splits into more-stable nuclei of intermediate mass. This process releases
enormous amounts of energy. Nuclear fission can occur spontaneously
or when nucei aré bombarded by particles. When uranium-235 is bom-
barded with slow neutrons, a uranium nucleus may capture one of the
neutrons, making it very unstable. The nucleus splits into medium-mass
parts with the emission of more neutrons The mass of the prodiicts s less
than the mass of the reactants. The missing mass is converted to energy.

© Discuss the possible benefits
and the current diffculty of
controling fusion reactios.

Nuciear Chain Reaction
‘When fission of an atom bombarded by neutrons produces more
‘neutrons,a chain reaction can occur. A chain reaction is @ reac-
tion in which the material that start the reaction s also one

of the products and can start another reaction. As shown

in Figure 22-14, w0 or three neutrons can be given off 7 o

when uranium-235 fission occurs. These neatrons

can cause the fission of other uranium-235
nuclei. Again neutrons are emitted, which

FIGURE 2214 Fision induction of uranismm-235
by bombardment with neutrors can ead to a chain
ceaction when a critcal mass of urarium-235 is present.
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[image: image2.png]FIGURE 22-15_ Inthis model of
anuclear power plant, pressurized
water is heated by fission of uranium-
235, This water is irculated t0 2
steam generator. The steam drives

a turbine to produce electricity.

Cool water from a lake or river is
then used to condense the steam

into water. The warm water from the
‘condenser may be cooled in cooling,
towers before being reused or
retumed to the lake ox tives.
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reaction is called the

can cause the fission of still other uranium-235 nuclei. This chain reaction
continues until all of the uranium-235 atoms have split or until the neu-
trons fail to strike uranium-235 nuclei, If the mass of uranium-235 is
below a certain minimum, too many neutrons will escape without striking
other nuclei, and the chain reaction will stop. The minimum amount of
nuclide that provides the number of neutrons needed to sustain a chain
ical mass. Uncontrolled chain reactions provide
the explosive energy of atomic borbs. Nulear reactors are devices that
use conirolledfission chain reactions o produce energy or radioaciivg
nuclides.

Nuclear Power Plants

Nuclear power plants use hed from nuclear reactors to prodce electrical
energy. They have five main components: shielding, fuel, control rods,
‘moderator, and coolant. The components, shown in Figure 22-15, are
surrounded by shielding: Shielding s radiation-absorbing material that
is used to decrease radiation exposure from nuclear reactors, especially
gamma rays. Uranium-235 s typically used as the fissionable fuel to
produce heat, which is absorbed by the coolant. Control rods are eu-
tron-absorbing rods that help conirol the reaction by limiing the number
of free neutrons. Because fission of uranium-235 is more efficiently
induced by slow neutrons, a moderator is used o slow down the fast neu-
trons produced by fssion. Current problems with nuclear power plant
development include environmental requirements, safety of operation,
plant construction costs, and storage of spent fucl.

I Wster heated by nudear reactor
T2 water converted tosteam
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‘more-stable helium nuclei provides the energy of
our sun and other stars.

41H nuclei ————————» $Henucleus  + 2.7B particles

\_Nuclear Fusion

The high stability of nuclei with intermediate masses can also be used
to explain nuclear fusion. [n nuclear fusion, light-mass ruclei combine to
form a heavier, more stable nucleus. Nuclear fusion releases even more
energy per gram of fuel than nuclear fission. In our sun and other stars,
four hydrogen nuclei combine at extremely high temperature and pres-
sure to form a helium nucleus with a foss of mass and release of energy.
‘This reaction is illustrated in Figure 22-16.

Uncontrolled fusion reactions of hydrogen are the source of energy
for the hydrogen bomb, as shown in Figure 22-17. A fission reaction is
used to provide the heat and pressure necessary to trigger the Sision of
nuclei. Current research indicates that fusion rasstions may be cotrol-
lable ifa few problems can be overcome, One of the problasms i thal 5o
known material can withstaad the initial temperatures, abous 10° K,
required to induce fusion at high tempesatuses. Methods tiat ontein
the fusion reactions within o magnoetie fleld or induse fusica af lower
temperatures are being invastigated.

FIGURE 17 The cnomots
amntalof sasegy relessed by fuson
rsastions is Hhtraed by this explc-
siow of 3 hydrogen bomb





NUCLEAR REACTIONS / RADIOACTIVE DECAY

· Identify the reaction process (fission or fusion) and name the missing particle for the following nuclear reactions.  

                                                                        Rxn Process / Particle Type

      42                                          42

1.       K   (                         +       Ca   

      19           __________           20                __________________

     235                                      231

2.        U   (                 +              Th

       92           __________         90                 __________________ 

     239                                      4    +2

3.       Pu   (                      +     He  

      94             __________       2                    __________________

                                3            4

4.                        +    H   (    He

     __________       1            2                        __________________
         6                                        4  +2        3

5.       Li   +                          (    He    +     H

         3          __________           2             1   __________________
       13                                         13

6.       N   (                          +      C

        7            __________           6                 __________________

         6           4   +2                                     9  
7.       Li   +     He      (                        +     Be                          
        3            2                __________        4     ________________

        11                                       11

8.       C   +                         (       B

         6         __________            5                   _________________

                                                                       Rxn Process  /  Particle Type

       13                                     14
9.       C   +                         (     N

        6          __________          7                   __________________
       238           4   +2                                   241  

10.        U   +     He     (                        +       Pu

         92           2                __________        94        _____________                         

     233            229

11.      U  (        Th   +     

       92              90           __________           __________________

         43                                     43 

12.       K   (                        +     Ca     

         19           __________      20                 __________________  

         22                                         22       

13.       Na   +                        (       Ne    

         11          __________           10             __________________  

         37                                      37

14.       Ar   +                        (     K 

         18          __________         19               __________________

      206            0  -1                             4  +2      

15.       Pb   +     β       (                       α                                   

        82            -1              __________2       __________________

           1                                         0  -1

16.        n   (                         +       β 

           0           __________         -1               __________________

      235                            142        91          1   

17.      U  +                (      Ba  +   Kr  +  3 n    

        92      ______           56         36          0   _________________

Name_________________________   Period_______   Date____________

FISSION / FUSION REACTIONS

                                                                       Rxn Process  /  Particle Type

       231                                    235
1.        Th   +                       (      U   

        90          __________         92                      ___________________

       232                                     228           

2.        Th   (                       +       Ra       

         90           __________        88                     ___________________

     228                                       228

3.       Ra   (                        +       Ac     

      88             __________         89                    ___________________

                                  4  +2         220

4.                        +    He     (       Rn

     __________         2                 86                   ___________________

       40                                       40   

5.       K   +                         (      Ca

       19         __________          20                      ___________________

         14                                     13

6.         N   (                        +     C

          7            __________        6                       ___________________

      210                                       210           

7.        Bi   +                       (         Pb

        83          __________            82                  ___________________

        1  +1        0  -1

8.       H     +      β     (  
        1             -1            __________                  ___________________

      1                                        4

9.    H   +                         (     He

      1         __________           2                        ___________________
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Splitting of atoms into smaller pieces
Owners of nuclear power plants must have plans to practice

how workers and residents handle this

The low-Level Radioactive Wasic Policy Act passed by the U.S.

Congress in 1980 roquires cach to provide for disposal of the
low-level waste produced within its borders

Heavily shielded container used to store and/or ship radioactive materials
Removes excess heat from the reactor’s circulating water system

The decrease in the amount of radioactive material with the passage of time
Pencirating rays that are best stopped or shielded by dense material
Reactor physics term describing the state when the number of neutrons
released by fission is exactly balanced by the neutrons being absorbed

by the fuel and poisons and escaping the reactor

. A reactor in which water, used as both coolant and moderator, is

allowed to boil in the core
A radiation detection and measuring instrument

An uncharged clementary particle with a mass slightly greater than that

of the proton, and found in the nucleus of every atom heavier than hydrogen
Comes from cosmic sources; naturally occurring radioactive materials,

and global fallout as it exists in the environment from the testing of

nuclear explosive devices

* DOWN

Reactor that keeps under pressure so that it heats, but does not boil
One millionth of a curie

Proposed high-level waste disposal site in Nevada

An elementary nuclear particle with a positive electric charge located in
the nucleus of an atom

. Shutting down a plant and reducing the level of radiation so that the

land can be used for other purposes

. Encrgy liberated by a nuclear reaction (fission or fusion) or by

radioactive decay

. A rotary engine made with a serics of curved vancs on a rotating shaft,

usually turned by water or steam

. One of the main concerns about nuclear power-plants is what to do

with the
Spent fuel that is stored inside a nuclear power plant goes in this

The smallest particle of an clement that cannot be divided or broken up
by chemical means
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UNIT 8

Darken the circle by the best answer.

1. The symbol for an electron is also used to
represent a(n)

® alpha particte.
beta particle.
© npositron.

® gamma ray.

2. Which of the following nuclear equations s
correctly balanced?

® #Ar+ e 30

§L + 20 > fHe + 3H

© ks + fHe — BMd + 24
@ YN+ §He = 0 +

3. During a fission reaction

@ a larger, more stable nucleus is formed.

energy is absorbed.
© positrons are always released.
@ smaller, more stable nuclei are formed.

4. A fusion reaction between a nucleus of
curium-246 and carbon-12 will produce a
nucleus of

@ fermium-254.
californium-252.
© mendelevium-256.
@© nobelium-258.

5. The half-life of a radioactive isotope
@ changes over time.
® is constant.
© s a characteristic of stable isotopes.

© decreases in value as time passes.

6. Radioactive dating is used to determine the
@ half-life of a radioactive isotope.
type of particle emitted by an isotope as
it decays.
© age of a specimen.
(@ time required for half of a radioactive
sample to decay.

7. How are an alpha particle and a helium
nucleus alike?

8. Explain how fission differs from fusion.





